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Removal of PAHs from Municipal Wastewater during 

the Third Stage of Treatment 

Usuwanie WWA ze ścieków komunalnych w trzecim etapie oczyszczania  

The investigations were carried out using wastewater received from a municipal waste-

water treatment plant. The samples of wastewater were primarily characterized for concen- 

tration of selected physicochemical parameters. Next, a standard mixture of PAHs was added 

to the samples. Chemical oxidation process was performed using two doses of hydrogen per-

oxide. Changes in concentration of PAHs were determined in the wastewater samples before 

addition of the chemical reagent and after the oxidation process. A quantitative analysis  

of PAHs was provided by GC-MS. The extraction of organic matrices from the wastewater 

samples was performed using a mixture of organic solvents: methanol, cyclohexane and  

dichloromethane. The extracts were separated from samples, purified on silica gel and con-

centrated under nitrogen stream. Concentrations of 16 PAHs according to EPA were deter-

mined. The detection limit ranged from 0.14 to 0.59 µg/L. Total concentration of 16 PAHs in 

wastewater sampled from the treatment plant were 1.4 µg/L on average. Total concentration 

of 16 PAHs in wastewater with the standard mixture was 561 µg/L on average. A decrease in 

PAHs concentration was observed in the samples after chemical oxidation process. Addition 

of hydrogen peroxide resulted in a decrease of 16 PAHs concentration in wastewater coming 

from the wastewater treatment plant to 61÷74%. The efficiency of hydrocarbons removal, 

grouped according to the number of rings, ranged from 35 to 90%. 
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Introduction 

Identification of PAHs in wastewater has been frequently demonstrated in the 

literature and our previous studies [1, 2]. The wastewater with the highest content 

of these compounds comes from fuel processing industry, especially coke waste-

water and petrochemical wastewater. Lower concentrations of these compounds 

have been documented in municipal and domestic wastewater [3, 4]. Therefore, the 

percentage of industrial wastewater and its type is a significant factor that impacts 

on PAH content in wastewater that inflow at a treatment plant. Furthermore, in 

combined sewer systems, stormwater (including meltwater) containing PAHs also 

flows to the treatment plant [5]. Current legal regulations on conditions that have to 

be met for wastewater discharge to the environment stipulate permissible levels only 

for volatile aromatic hydrocarbons (BTX), petroleum hydrocarbons and adsorbable 
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organic halides (AOX). No permissible levels have been specified with respect to 

PAHs enumerated on the US EPA or WHO lists. However, due to carcinogenic, 

mutagenic and teratogenic properties which have been extensively explored, one 

should number PAHs among compounds that are particularly hazardous to the  

water environment and should be eliminated [6, 7]. On the other hand, PAHs have 

been mentioned in legal regulations concerning monitoring of surface water and 

groundwater [8].  
Few studies have examined PAHs content in municipal wastewater. Most studies 

have concerned PAHs in industrial wastewater and sewage sludge [9, 10], where 

PAHs are accumulated during treatment, or surface water and bottom sediments 

[11, 12]. Available results of examinations discussed in the literature and our own 

research indicate that PAHs are not removed in conventional sewage treatment 

processes to a sufficient degree despite a relatively high level of organic compounds 

removal rates expressed by COD and BOD5. Therefore, the treated wastewater  

discharged to receiving water bodies represents a source of these pollutants to the 

water environment [2, 13]. Torret [13] indicated that PAHs contents in raw sludge 

sampled from two Italian treatment plants ranged from 2.6 to 4 µg/L. Concentrations 

of individual compounds ranged from 21 to 750 ng/L [13]. Mezzanotte et al. [14] 

demonstrated that PAHs concentration in wastewater from municipal treatment 

plants ranged from 1.1 to 9.3 µg/L. The effectiveness of PAHs removal during bio-

logical treatment processes reached 97%. Qiao et al. [15] evaluated concentrations 

of PAHs in raw sewage treated in Beijing. Concentrations of these compounds in 

the influent ranged from 0.4 to 0.7 µg/L, whereas values in the effluent were from 

0.2 to 0.3 µg/L. According to the authors, low molecular weight compounds were 

removed through biodegradation and adsorption under  anaerobic conditions and 

volatilization in aerobic conditions. High molecular weight of  PAHs are mainly 

removed by adsorption. Total load received with  the treated wastewater ranged 

from 66 g/d in summer and 148 g/d in winter [15]. 

In raw wastewater in Japan, concentration of PAHs was below 0.42 µg/L, whereas 

in the effluent - below 0.1 µg/L. Effectiveness of PAH removal in the treatment 

processes, such as biological and chemical changes and volatilization, did not exceed 

63%. With the accumulation of PAHs in sewage sludge at 9%, around 28% of the 

load received at a treatment plant was discharged to receiving waters [16]. Similar 

findings were published by Manoli and Samara [17]. In a treatment plant operating 

based on activated sludge technology, the PAH load was removed from 28 to 67% 

during initial treatment, and from 1 to 61% during the final treatment. Total percent- 

age removal of PAHs did not exceed 89% [17]. In a wastewater treatment plant in 

Jordan, PAH removal did not exceed 40% of total PAHs [18]. Results of the study 

by Alawi et al. [19] suggested substantially greater concentrations of PAHs in waste- 

water: 1 to 2.9 mg/L in raw wastewater and from 0.5 to 1.6 mg/L in the effluent. 

Total PAHs removal during treatment ranged from 28 to 72% depending on physico- 

chemical properties and treatment technology [19].  

In surface waters, PAHs migrate and/or settle sediment in the adsorbed form on 

suspended matter and undergo physical, chemical and biological changes [20-23]. 
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For example, in surface waters and bottom sediments, concentration of PAHs ranged 

from 13 to 26 mg/L and from 27 to 55 mg/kg, respectively [23]. Biological changes 

consist in enzymatic decomposition of these compounds. However, this is possible 

in the case of relatively low concentrations of PAHs (below tolerance threshold  

for microorganisms) and presence of microflora capable of production of suitable 

enzymes. Among abiotic processes one should also stress those which lead to 

transfer to other environments and those causing destruction of PAHs. Migration to 

other environments occurs during volatilization of PAHs to the atmosphere [20, 24]. 

However, this concerns mainly hydrocarbons with high vapour pressure. The proc-

esses of PAHs destruction are focused on chemical oxidation and photodegradation 

[25, 26]. However, it should be noted that these processes lead to formation of new 

compounds, often with toxicity higher than the basic ones. PAHs derivatives are 

formed not only as a result of their degradation but also as a result of reaction with 

other matrix components (halogenation, nitration, sulfonation, acylation). In the 

natural environment, photolysis has a significant impact on PAHs destruction. 

However, this concerns only the compounds which are dissolved in the surface 

layer of water [26].  

Efficiency of PAHs removal from municipal and industrial wastewater in 

the process of oxidation has been the focus of our previous studies [2, 27, 28]. 

With reference to wastewater, it is justified to use final chemical treatment of 

effluents from a wastewater treatment plant that limits PAHs load discharged to 

surface waters. Chemical oxidation is performed using oxidizers which initiate 

formation of hydroxyl radicals (Fenton’s reagent, ozone, permanganate, hydrogen 

peroxide) [29]. Previous studies concerning oxidation of organic compounds, 

including PAHs have used treated municipal wastewater sampled from the effluent 

of the secondary settlement tank [27]. Total initial PAH content in effluents was at 

the level of 1.39 µg/L. The oxidant was hydrogen peroxide, which was introduced 

to wastewater with concentration of 1 mmol/L with two doses - 20 and 40 mg/L. 

Efficiency of PAH removal was different for individual hydrocarbons and ranged 

from several to several tens of percent. The efficiency was the highest (64%) in the 

case of the most volatile hydrocarbon (naphthalene). A reduction in total concen-

tration of 16 compounds was 51 and 59% for smaller and greater doses of oxidizer, 

respectively [27]. Since initial concentrations of PAHs in the examinations dis-

cussed in the literature may be greater than in this study, the examinations of  

PAH removal from wastewater were conducted after introduction of an additional 

amount of PAHs to wastewater in the form of a standard mixture.  

1. Research methodology 

1.1. Materials 

The examinations were conducted using treated wastewater sampled from 

the municipal wastewater treatment plant receiving domestic wastewater mixed 

with industrial wastewater. Population equivalent (PE) for this treatment plant is 
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over 100,000. Technology of wastewater treatment consists in mechanical and 

biological processes combined with simultaneous precipitation of phosphates. 

Oxidation of organic compounds and nitrogen compounds occurs in bioreactors 

with activated sludge divided into anaerobic, anoxic and aerobic zones. The exami- 

nations were conducted for wastewater sampled from the overflow of the secondary 

settlement tank. In practice, according to the permit required by the Water Law Act, 

this wastewater is discharged to a surface receiver. The wastewater was initially 

characterized by performing determination of such parameters as content of sus-

pended matter, concentrations of organic (and some inorganic) compounds deter-

mined as COD, and value of pH. Analysis  were performed according to the proce-

dure designed by Hermanowicz et al. [30]. The content of 16 PAHs was evaluated 

according to the methodology described in 1.3. 

1.2. Technological examinations 

After averaging of the composition of wastewater sampled from the treatment 

plant, four samples were prepared for technological examinations. Furthermore, the 

16 PAHs standard mixture was added (mixture of benzene and dichloromethane, 

1:1). Concentration of PAHs in the standard mixture was 2 µg/mL for each of 

the 16 compounds. Next, 4 µg/L of each hydrocarbon and solution of dihydrogen 

dioxide were added to wastewater samples. Concentration of the oxidant was 

1 mmol/L. Doses of reagent added to wastewater were: 20 mg/L (oxidation I)  

and 40 mg/dm
3
 (oxidation II). Next, the samples were mixed and left for 1 hour  

in laboratory settings. After this time, concentration of PAHs in the wastewater  

was determined. The experiments were carried out with two replicates. Changes in 

concentration of PAHs were determined based on the analysis of the concentration 

of these compounds in samples before and after oxidation. Significance of changes 

in concentration of PAHs was verified by means of the Student’s t-test. Using the 

tables, a critical value was adopted for the degrees of freedom (n-2) and level of 

confidence of 95% [31]. Furthermore, the effect of oxidant on microflora was  

examined each time by evaluation of the number of colony-forming units cultured 

on Petri dishes. No bacteria were grown during incubation conducted for tempera-

tures of 20 and 37°C. 

1.3. Analytical methodology for PAHs  

Preparation of the samples for quantitative determination of PAHs consisted 

in separation of the organic matrix from wastewater by liquid-liquid extraction  

using the mixture of organic solvents. Cyclohexane, dichloromethane and methanol 

(which are solvents with different polarities) were used [32]. The extracts separated 

from wastewater were next cleaned on silica gel in vacuum conditions. The cleaned 

extracts were concentrated to the volume of 1 mL in the nitrogen stream. Quantitative 

determinations were performed by means of capillary gas chromatography using  

a gas chromatograph coupled with mass detector (GC8000/MS800 manufactured 
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by Fisons). Determination consisted in injection of the prepared sample with the dose 

of 2 µl on a DB column with the length of 30 m, diameter of 0.25 mm, and film 

thickness of 1 µm. Helium was used as a carrier gas, with flow rate of 0.5 mL/min. 

The analysis was conducted at temperature of 280°C. The temperature program for 

the column furnace was chosen based on the analysis of model mixtures: 40°C/min, 

heating at 5°C/min to 120°C. Finally tempertaure 280°C was kept for 60 min. Quali- 

tative and quantitative determinations were performed for 16 compounds enumerated 

on the list published by the US EPA. This concerns the following hydrocarbons: 

naphthalene Naf, acenaphthylene Acyl, acenaphthene Ac, phenanthrene Fen,  

anthracene Ant, fluorene Flu, pyrene Pir, fluoranthene Fl, benz[a]anthracene BaA, 

chrysene Ch, benzo[b]fluoranthene BbF, benzo[k]fluoranthene BkF, benzo(a)pyrene 

BaP, dibenz[a,h]anthracene DahA, benzo[ghi]perylene Bper and indeno[1,2,3-cd]- 

pyrene IP. Eight of the listed hydrocarbons (from BaA to IP) were considered  

carcinogenic in the description of the results. Table 1 presents certain properties of 

PAHs, parameters of chromatographic analysis and initial concentrations of PAHs 

in wastewater sampled from the treatment plant. 

 
Table 1. Characteristics of PAHs, hydraulic retention time, standard mixture recoveries and 

initial concentration of PAHs in wastewater samples  

WWA CAS No. 
Abbrevia-

tion 
L1) 

R2) 
µg/L 

Log Kow
3) 

Recovery 
rate 
% 

C4) 
µg/L 
[27] 

Naphthalene 91-20-3 Naf 2/0 31700 3.37 19.8 1.235 

Acenaphthylene 208-96-8 Acyl 2/1 3930 4.07 19.1 0.009 

Acenaphthene 83-32-9 Ac 2/1 3900 4.33 29.8 0.015 

Fluorene 86-73-7 Flu 2/1 1980 4.18 67.9 0.007 

Phenanthrene 08/01/1985 Fen 3/0 1290 4.57 74.5 0.034 

Anthracene 120-12-7 Antr 3/0 73 4.54 87.9 0.005 

Fluoranthene 206-44-0 Fl 3/1 260 5.22 98.1 0.018 

Pyrene 129-00-0 Pir 4/0 135 5.32 102.9 0.019 

Benzo[a]anthracene 205-99-2 BaA 4/0 14 5.61 90.4 0.006 

Chrysene 218-01-9 Ch 4/0 2.0 5.63 96.8 0.010 

Benzo[b]fluoranthene 207-08-9 BbF 4/1 1.2 6.57 93.6 0.007 

Benzo[k]fluoranthene 207-08-9 BkF 4/1 0.55 6.84 85.4 0.008 

Benzo[a]pyrene 50-32-8 BaP 5/0 3.8 6.06 68.4 0.006 

Dibenz[a,h]anthracene 53-70-3 DahA 5/0 0.5 6.86 105.2 0.003 

Benzo[ghi]perylene 191-24-2 BghiP 6/0 62.0 7.66 70.2 0.004 

Indeno[123cd]pyrene 193-39-5 IP 5/1 0.26 7.23 107.8 0.005 
1) Number of benzene/cyclopentane rings, 2) R - solubility at temperature of 25°C  
3) logarithm of octanol/water partition coefficient, 4) initial concentration of PAHs 

 
The parameters concern the properties of PAHs which have an effect on con-

centrations determined in wastewater (solubility), tendency for adsorption on sus-
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pensions (value of octanol/water partition coefficient). However, PAHs solubility 

in water can increase in the presence of surfactants, which is especially important 

to domestic  wastewater containing substantial amounts of surface-active agents.  

In order to verify the adopted methodology of wastewater preparation for PAHs 

determination, the recovery rates were evaluated for a standard mixture of these 

compounds. Mean recovery rate for the standard mixture without the most volatile 

compounds was high and exceeded 93%. The results obtained are within the range 

cited in the literature for wastewater containing the suspension composed mainly  

of organic parts (38÷95%) [3, 5]. 

2. Results and discussion 

Initial examinations of the wastewater demonstrated that concentration of total 

suspension was at the level of 24 mg/L, whereas pH was 7.4. Content of organic 

(and some inorganic) pollutants  analysed as  COD was 75 mg/dm
3
. After comple-

tion of the oxidation process, concentration of the above compounds was below 

40 mg/L.  

Total concentration of 16 PAHs in the treated wastewater was 1.4 µg/L on  

average. Table 1 presents concentrations of individual hydrocarbons. In total 

amount, 2-ring naphthalene (89%) was dominant in total amount, with its concen-

tration substantially exceeding other compounds. 3-ring hydrocarbons accounted 

for 5% of total amount of PAHs, whereas concentrations of other hydrocarbons 

were below 20 ng/L (Tab. 1) [27].  

After adding a standard mixture, total concentration of PAHs in wastewater 

was 56 µg/L on average. 3-, 4- and 5-ring hydrocarbons had similar percentages of 

total content of PAHs (26÷27%). Concentrations of naphthalene, acenaphthylene 

and acenaphthene were low, which is likely to have resulted from high loss during 

application of the standard mixture to wastewater. These are hydrocarbons with  

the highest values of vapour pressure, highest solubility in water and small value of 

the Nernst partition coefficient. Therefore, the recovery of these compounds from 

wastewater was the lowest (Table 1). Figure 1 presents changes in naphtalene and 

tricyclic hydrocarbons before and after oxidation.  

Efficiency of naphthalene removal was the highest and reached 80%. The decline 

of 3-ring hydrocarbons ranged from 57 to 79% and was directly proportional to  

the oxidant dose. Both naphtalene and 3-ring hydrocarbons are characterized by the 

highest volatility and susceptibility to decomposition. Compared to the results of 

previous studies, where standard mixture of PAHs has not been added to waste- 

water samples, naphthalene loss was below 64%, whereas the decrease of 3-ring 

compounds was substantially lower (below 27%) [27]. It should be noted that 

a statistically significant decline was observed already after introduction of a lower 

dose of oxidizer (oxidation I). The increase in the dose of hydrogen peroxide 

was not statistically significant for acenaphthene, for which oxidation efficiency 

increases only by 9%. Changes in concentration of 4-ring hydrocarbons in waste-

water subjected to oxidation are presented in Figure 2.  
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Fig. 1. Concentrations of naphthalene and 3-ring PAHs in wastewater during oxidation  

 

 

Fig. 2. Concentrations of 4-ring PAHs in wastewater during oxidation  

 
Total concentration of 4-ring hydrocarbons was at the level of 15.5 µg/L. After 

oxidation, lower concentrations were observed in wastewater, by 43 and 34% for 

the decreasing oxidant dose. Therefore, removal rate depended, similarly to the 

above compounds, on the amount of hydrogen peroxide. Statistically significant 

differences were found for concentrations after adding a lower dose of oxidant. 

Of 4-ring compounds, an increase in the dihydrogen dioxide dose had a significant 

effect on oxidation only for fluoranthene. Figure 3 presents changes in 5-ring and 

6-ring compounds during oxidation. 

Similar to other hydrocarbons, efficiency of removal of 5-ring and 6-ring  

hydrocarbons depended on the oxidant dose: during oxidation I, it was 69 and 59%, 

whereas during oxidation II, this was 79 and 70%, respectively. With total concen-

tration of 16 compounds, one can conclude that mean degree of degradation was at 

the level of 61 and 74%, for oxidation I and oxidation II, respectively. A statisti-

cally significant decrease in PAHs was observed following oxidation I, whereas  

the increase in the oxidant dose was statistically significant only for 6-ring hydro-

carbons. Efficiency of oxidation of the latter increased by 15÷16%, whereas for  

the other compounds it did not exceed 10%. The differences were also found  
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in efficiency of oxidation of compounds containing benzene rings compared to 

oxidation of hydrocarbons containing cyclopentane rings. In the case of the latter, 

loss was higher by 10%, regardless of the oxidant dose. This means that these 

compounds were more susceptible to decomposition.  
 

 

Fig. 3. Concentrations of 5-ring and 6-ring PAHs in wastewater during oxidation  

 
Table 2 presents efficiency of removal of 16 PAHs during examinations 

compared to the results obtained for wastewater where standard PAH mixture 

was not added and literature data concerning the efficiency of PAHs removal 

from water solutions.  
 

Table 2. Efficiency of PAHs removal from municipal wastewater during oxidation 

WWA 
The present study Previous studies [27] Literature data 

Decline of PAHs 
AOP process Oxidation I Oxidation II Oxidation I Oxidation II 

Naphthalene 68 80 56 64 

1. 9÷91%, 8 PAHs,  
UV [5] 

2. 80÷90%, 16 PAHs, 
UV/H2O2 [11] 

3. 41÷75%, 18 PAHs, 
O3/UV [25] 

4. 10÷70%, 3 PAHs, 
O3 

5. 40÷80%, 3 PAHs, 
UV 

6. 85÷99%, 16 PAHs, 
UV/O3, UV/H2O2  

7. 70÷100%, 6 PAHs, 
Fenton’s process  

8. 38÷90%, 3 PAHs,  
Photo-Fenton 
process [29] 

Acenaphthylene 73 87 33 44 

Acenaphthene 80 89 27 40 

Fluorene 48 80 29 29 

Phenanthrene 35 7 15 18 

Anthracene 56 74 20 20 

Fluoranthene 58 76 6 17 

Pyrene 57 63 5 11 

Benzo[a]anthracene 59 62 0 33 

Chrysene 55 66 10 30 

Benzo[b]fluoranthene 68 79 0 29 

Benzo[k]fluoranthene 65 76 13 25 

Benzo[a]pyrene 78 83 17 17 

Dibenz[a,h]anthracene 67 76 17 33 

Benzo[ghi]perylene 47 63 0 25 

Indeno[123cd]pyrene 64 79 0 20 
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Results of the study obtained for wastewater with addition of the standard 

mixture did not reflect the quantitative changes in PAHs documented during oxida-

tion of wastewater without an additional amount of PAHs. After oxidation I, total 

concentration of 16 PAHs was by 61% lower than initial (around 22 µg/L). Initially, 

the highest loss was found for naphthalene and 5-ring compounds. Efficiency of 

removing these hydrocarbons was 69%. However, in previous studies, decrease  

of naphthalene did not exceed 55%, whereas for 5-ring compounds, this value was 

below 10% [27]. Increasing the oxidant dose (oxidation II) led to the increase in 

efficiency of removal of PAHs to 74% with reference to total content of 16 com-

pounds. However, decreases for individual hydrocarbons ranged from 66 to 80%. 

Efficiency of removal was significantly higher especially for 3-ring hydrocarbons 

(from 57 to 79%).  

As mentioned above, most studies in the literature have concerned treatment 

of industrial wastewater or landfill leachates where efficiency of oxidation has 

been analysed mainly with respect to COD. Results of these studies have shown 

that oxidation efficiency depends on a type of oxidant, pH of the reaction environ-

ment and process condition. For example, Deng et al. [33] described the results of 

other researchers during oxidation of landfill leachate at a mean level of 53% for 

ozonation, 43% for application of ozone and hydrogen peroxide, 52% for O3/UV, 

77% for O3/H2O2 oxidation, and 71% for Fenton’s reaction [33]. Other studies  

in the literature have mainly focused on oxidation of individual hydrocarbons 

(or several compounds) and have been often conducted using clean matrices without 

PAHs to which a specific amount of hydrocarbons is added and changes in concen-

tration are monitored for the adopted oxidation conditions. Process conditions are 

diversified and oxidation efficiency also varies for individual hydrocarbons, from 

several percent to 100% depending on the oxidant type, its dose, examination matrix, 

temperature, reaction time and pH of the environment [25, 26, 29, 34]. Examina-

tions described in the present paper were conducted using municipal wastewater 

containing a certain amount of suspensions and other compounds, both organic and 

inorganic. Therefore, PAHs removal efficiency in this study was in most cases 

lower than in the studies discussed in the literature since a specific amount of oxi-

dant is consumed for oxidation of other organic pollutants. It should be emphasized 

that intermediate products are periodically formed during decomposition of com-

plex organic compounds such as PAHs. In the case of PAHs, oxidation products 

include diols, quinones and aldehydes. For example, benzo[a]pyrene-1,6-dione 

and benzo[a]pyrene-3,6-dione were identified during oxidation of BaP [10, 29]. 

Therefore, further research on identification of derivatives of hydrocarbon oxida-

tion and toxicity of these compounds is needed, since it has been shown in the 

literature that products of PAHs degradation can be more toxic than basic com-

pounds. Analysis of the results obtained for the adopted experimental conditions 

leads to the following conclusions: 

– oxidation by means of hydrogen peroxide can be used at the third stage of treat- 

ment of municipal wastewater in order to oxidise organic pollutants, including 

PAHs, 
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– efficiency of PAHs oxidation reached 74% for total concentration of 16 com-

pounds, whereas for individual hydrocarbon, it ranged from 35 to 89% which 

confirms varied susceptibility to decomposition of the compounds from the 

PAH group, 

– hydrocarbons containing cyclopentane rings are degraded faster than the 

compounds containing only benzene rings in their structure, 

– further research on identification of intermediate products of oxidation and 

toxicological examinations are needed.  
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Streszczenie 

 Celem badań było określenie efektywności usuwania WWA ze ścieków podczas ich 

doczyszczania. W pracy przedstawiono wyniki badań zmian ilościowych WWA w poddawa-

nych utlenianiu ściekach komunalnych oczyszczonych odpływających z miejskiej oczysz-

czalni ścieków. Oczyszczalnia pracuje jako mechaniczno-biologiczna z chemicznym usuwa-

niem fosforu. Badania prowadzono po wprowadzeniu do ścieków oczyszczanych dodatkowej 

ilości WWA w postaci standardowej mieszaniny. Następnie prowadzono proces utleniania 

zanieczyszczeń organicznych ze szczególnym uwzględnieniem zmian w stężeniu WWA, z wy-

korzystaniem nadtlenku wodoru. Utleniacz stosowano w postaci 30% roztworu w dawkach 

wynoszących 2,5 i 5 mg/dm3. Efektywność usuwania WWA określano z uwzględnieniem 

zawartości początkowej badanych związków oraz dodanej w postaci wzorca. Analizowano 

stężenia 16 WWA zgodnie z listą EPA. Oznaczenia jakościowo-ilościowe prowadzono z wy-

korzystaniem chromatografu gazowego ze spektrometrem masowym. W procesie utleniania 

odnotowano znaczny spadek stężenia badanych WWA w ściekach. Ubytek sumarycznej ilości 

WWA w ściekach wzbogaconych WWA był w zakresie od 61 do 74%, lecz dla poszczególnych 

węglowodorów efektywność usunięcia wahała się od 35 do 90%.  

Słowa kluczowe: WWA, GC-MS, ścieki, proces utleniania 


