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ANALIZA CHROMATOGRAFICZNA
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Abstract: Chromatography, the general term for the grouipsifumental analytical methods, accepted nowadays
as an extremely sensitive and effective analytieahniques, allows for qualitative and quantitatarealysis of
components of wastewater samples. In case of cokagjewaters, due to its complicated nature, a eurab
chromatographic techniques can be implemented deraio identify and determine the concentratiommafin
hazardous pollutants, such as ammonia, cyaniddghides, thiocyanates, phenols and polycyclic at@ma
hydrocarbons. lon chromatography (IC), a type @éiti chromatography, is widely applied in measuretnod
concentrations of ionic species. Application of With suppressed conductivity detection allows toaswee
concentrations of major anions, i.e. chloride,atér nitrite, sulphate and thiocyanate, as welinagor cations
such as sodium, ammonium, potassium, calcium, aaghesium. IC with pulsed amperometric detectiondPA

at silver electrode is applied in determinationsafphide and free cyanide concentration. Gas chiagnaphy
(GC), which can be used in conjunction with othestmods to concentrate analytes, is predominant adesi
measurement of organic components present in tiseewater. Coupling the separation capabilities 6f @th

the detection properties of mass spectrometry (Gf)-Mnhance the identification of organic pollutants
i.e. phenols and polycyclic aromatic hydrocarbonscoking wastewater samples. The paper presents the
application of ion and gas chromatography with anithout mass spectrometry detection in coking waater
analyses.
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Introduction

The composition of coke wastewater, coming from ¢badensation and cleaning of
coke oven gas, is complex and variable dependintherechnological processes of coke
production, the type of coal used, the temperabfirthe coking process, methods used to
recover by-products and methods of its physico-ébainand biological treatment. Raw
coking wastewaters are highly contaminated withanig compounds, such as: polycyclic
aromatic hydrocarbons, heterocyclic compounds,, didggs and inorganic substances
including cyanides, sulphides, sulphates, thiosatpd and ammonia [1]. Their presence in
the stream has to be carefully controlled in oreassure the proper run of processes
involved in the treatment cycle and fulfillment obke oven wastewater treatment plant
(COWTP) effluents standards.

Considering both, technological requirements argllegions, one may distinguish
a group of target contaminants, which has to bes@ally monitored, i.e. cyanides,
sulphides, tars, phenols and ammonia. These comdatsi can be classified due to their
impact on biological processes involved in the ttremt technology. Hence, cyanides,
sulphides, thiocyanates and tars are regardedoaegy inhibitors and have to be removed
to a proper level during preliminary physico-cheahi¢reatment. On the other hand,
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phenols and ammonia are main substances undergob®degradation, during which
phenols act as carbon source for microorganisnmmonssble for decomposition of nitrates,
which are the product of ammonia biological removal

The concentration of mentioned substances has toeeasured in priority in coke oven
wastewater treatment (WWT) plant effluent, but afsthe influent as well as at individual
stages of its treatment. The latter values aredbareCommission Implementing Decision
of 28 February 2012 establishing the best availtédddniques (BAT) conclusions under
Directive 2010/75/EU of the European Parliament afdthe Council on industrial
emissions for iron and steel production [2]. Methatkdicated to their analysis should
characterize with high accuracy, precision andcsieiey accompanied with both, relatively
short time and low costs, due to the high frequerfdihe analysis performance.

Chromatography, the general term for the groupnefrumental analytical methods,
accepted nowadays as an extremely sensitive aactigff analytical techniques, allows for
qualitative and quantitative analysis of componesftscoking wastewater samples. lon
chromatography (IC), a type of liquid chromatognapis widely applied in measurement
of concentrations of ionic species. Applicatiori@fwith suppressed conductivity detection
allows to measure concentrations of major anioaschloride, nitrate, nitrite, sulphate and
thiocyanate, as well as major cations such as sgdiunmonium, potassium, calcium, and
magnesium. IC with pulsed amperometric detectiohPat silver electrode is applied in
determination of sulphide and free cyanide conediotn [3].

Gas chromatography (GC), which can be used in ocatipn with other methods to
concentrate analytes, is predominant method of unem®ent of organic components
present in the wastewater. Coupling the separatapabilities of GC with the detection
properties of mass spectrometry (GC-MS) enhancédéhdification of organic pollutants,
i.e. phenols and polycyclic aromatic hydrocarbamsaking wastewater samples. In the
article, authors present some basic experiencé®inse of chromatography in the analysis
of coking wastewater.

lon chromatography

A dual-channel reagent-free capillary Dionex IC®B0on chromatograph, one of the
most flexible IC systems, equipped with dual IC ralels, each consisting of individual
gradient pump, eluent generator cartridge, injectialve, column set and detector, as well
as AS Autosampler, which can be differently confegliwas used for all chromatography
experiments. A ChromeleBn6.7 (Dionex) Data Management system was used for
instrument control and data handling.

lon chromatography with pulsed amperometric detectbn - free cyanide and sulphide
anions

Argentometric [4] and iodometric [5] titrations, tpatiometry titration [6, 7],
spectrophotometry [8, 9], gas chromatography, fevalysis with spectrophotometry and
amperometry detection methods [10, 11] were prapdee determining cyanide and
sulphide concentration in different matricdsowever, some of them suffers from the
interference from other ions, while others providesnformation about analytes speciation
or are time consuming and require sample preparaby distillation [12]. Since
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hydrocyanic and hydrosulphuric acids are weak, ditect detection with suppressed
conductoremtic detector is not possible. Never#gleion chromatography with
amperometric detection applied in determinatioswdphide and free cyanide concentration
is easy handle and shows excellent sensitivityndgtad procedure include isocratic
separation of both anions in 15 min using Therme8idic lonPac AS7 (250 mmx2 mm)
analytical column and guard (50 mmx2 mm) columnveigh 600 mM degassed sodium
hydroxide at a flow rate of 0.250 &min and column temperature of 30 °C. Analytes are
detected by PAD using a silver working electrode,cbmbination with pH-Ag/AgCI
reference electrode in AgCl mode. The PAD wavefarsad for these experiments was
a three-potential waveform optimized by detractapmier for silver electrodes and
cyanide, sulphide, iodide, and thiosulphate aninrsshydroxide eluent.

Electrochemical detector can work in two modes, DE amperometry and pulsed
amperometry. Both modes are suitable for the detecof sulphide and cyanide.
Nevertheless, when sulphide and cyanide are detedmin real samples using a silver
working electrode, the electrode surface is covdrgdproducts of the reaction, which
alternate the sensitivity of the analysis overtthme [13, 14]. Although the electrode can be
reconditioned, the process requires interrupting #nalysis and detector dissemble.
The application of the pulsed amperometry with edpeé multiple potentials (waveform)
for detection, cleaning and conditioning can prévelectrode surface and extend their
working time.

250 -+ Column: lonPack AS-7; 2x250 mm
Eluent source: external, prepared solution
200 - 1—sulphide 1 Eluent: 600 MM NaOH
2 —cyanide Flow rate: 0.250cm3/min
%) Inj.volume: 10 mm?3
£ 150 A Columntemp.: 30°C
. Detector: electrochemical, Ag electrode
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Fig. 1. Chromatograph of cyanide and sulphide stahdolution recorded using lonPack AS-7 column

The type of column has a decisive influence onydeslseparation and the result of the
chromatographic analysis. In the literature, thare some examples of application of
different columns in free cyanide and sulphide debeation. Cheng et al. [15] used
Thermo-Scientific lonP&c AS15 and lonPac AS16 columns. Literature reparticate
also on applicability of AS-7 columns [5, 6]. Duginthe optimization of presented
procedure, two analytical columns were tested - addition to the mentioned
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Thermo-Scientific lonPac AS7, AS-18 was also us@dsts carried out with AS-18,
however, gave negative results. The separatioryafiide and sulphide anions obtained
using this column proved to be insufficient. Theawmigle signal overlapped with the
sulphide signal, making it impossible to accuratabasure the peak area (Figs. 1 and 2).

30 ~ Column: lonPack AS-18; 2x250 mm
2 Eluent source: EGC KOH cartridge
25 4  1-sulphide Eluent: 22 mM KOH
2 —cyanide Flow rate: 0.250cm3/min

gZO— Inj.volume: 10 mm?
= Columntemp.: 30°C
;c'; 15 + Detector: electrochemical, Ag electrode
(%]
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Fig. 2. Chromatograph of cyanide and sulphide stehdolution recorded using lonPack AS-18 column

Different compositions of the eluent were alsoddsduring studies. The recommended
by the supplier eluent is a mixture of NaOH + LLONa + EDA (diaminoethane).
The addition of acetic acid salt is intended toucsd peak tailing. EDA has the task of
neutralizing divalent cations that could complexamigles or cause sulphide precipitation.
The last additive is very important due to the matie purity of the other two components,
which will always contain trace amounts of iron, gnasium and calcium compounds.
However, the study showedthat the EDA is not completely inert and gives
a signal on the electrochemical detector. Its preseén the eluent drastically increases the
observed noise and makes it impossible to analgs®d. Subsequently, sodium acetate
was removed from the eluent. Its lack did not digantly affect the tailing, but there were
significant suspicionsthat it may contain traces of impurities affectimptection.
The remaining studies were carried out using aarglgontaining only sodium hydroxide
(600 mM).

Another issue is the strong tailing of signals freatphides along with lowering their
concentration in the sample. It is most likely tlatdation is responsible for this effect
already on the ion exchange column. Along with ¢hegent, despite the degassing with
helium, air enters the system. During the entitenton time of the sulphides on the
column (about 8 min) they are in contact with oxygélence their slow oxidation to
polysulphides, whose retention time is much longeike place. To prevent this
phenomenon, various antioxidants were added teghwle and their effect on the shape of
the peak was checked. Sodium ascorbate, hydrazideaeetaldehyde were tested. No
improvement in the shape of the peak was observady of experiments.
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lon chromatography with conductometric detection

Application of IC with suppressed conductivity deten allows to measure
concentrations of major anions, i.e. chloride, atér nitrite, sulphate and thiocyanate,
as well as major cations such as sodium, ammomatassium, calcium, and magnesium.
IC is currently a standard method for the measuntrmEanions and cations in water and
wastewater samples [16-18].

Ammonia determination

There is a wide range of analytical procedures, ctwhican be used for
ammonia/ammonium determination in coke oven wadmwdue to the character of
methods, ammonia/ammonium are determined as a sunthey can be determined
separately.

lon chromatography method is based on the separatiammonium ions from sample
matrix by means of ion-exchange separation coludmiumn eluate is constantly analysed
by conductivity detector. External standard metlditilized for quantitative analysis.
The method is suitable for ammonia concentratiamf0.05 to 5 mg N&/dm®. Apart
from ammonia, the method enables simultaneous sisabtf other cations presented in
coking wastewaters, like sodium, potassium, calcimgh magnesium.

The main problem connected with ammonia analysiS@W is high concentration of
sodium cations, with may results in problem witbgé two analytes sufficient separation.
However, properly selected separation column méyesbis problem (Fig. 3).

50 -
45 - Column: lonPack CS-16; 3x250 mm
1-sodium Eluent source: EGC MSA cartridge

40 ~ 2 —ammonia Eluent: 40 mM KOH
4 35 - Flow rate: 0.340cm3/min
} 30 A 1 Inj.volume: 10 mm?
> 725 Columntemp.: 30°C
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Fig. 3. Chromatograph of sodium and ammonia cationsoking wastewater sample recorded using lonPack
CS-16 column

During studies, the application notes provided lbjumns supplier was followed.
Since concentration of sodium in coking wastewaiennuch higher in comparison with
ammonia, for its efficient separation the lonPa& 1B analytical column (250 mmx3 mm)
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and lonPack CG-16 guard column were applied. Eatestandard method using
commercial 6-cation solution was utlized for quetive analysis. 40-mM
methanesulphonic acid eluent of high purity wastetehemically produced by eluent
generator cartridge (EGC-MSA). The eluent flow wamintained at the rate of
0.340 cn¥min. Column and detector compartments were thetated at 30 and 20 °C

respectively to obtain a constant conditions. Clatmgram were recorded isocratically for
30 minutes.

Anions determination

Taking into account the permissible discharge Bnfitr coking wastewater treatment
plant based on Commission Implementing Decisio@®february 2012 establishing the
best available techniques (BAT) conclusions undeediive 2010/75/EU of the European
Parliament and of the Council on industrial emigsidor iron and steel production [2],
determination of concentration of anions such asteni nitrate and thiocyanate in COW
effluents is of great importance. Furthermore, rainig of nitrogen compound
concertation at different stages of wastewatertrmeat provide information on the activity
of ammonia and nitrite oxidizing bacteria. On thbes hand, thiocyanate ions are well
known as nitrification inhibitors when presenteclavated concertation.

. Column: lonPack AS-25; 2x250 mm
45 4 1-chloride Eluent source: EGC KOH cartridge
40 - 2~ nitrate Eluent: 36 mM KOH
35 A 3 —carbonate Flow rate: 0.250 cm3/min

4 —sulphate
5—thiocyanate
6 - thiosulphate
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Columntemp.: 30 °C
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Fig. 4. Chromatograph of determinated anions indgted solution recorded using lonPack AS-25 column

Standard anions like chloride, sulphates, phosphatel N-containing ones can be
separated by means of a wide range of commercéalgilable columns [19]. Authors
studied applicability of two anion-exchange colurignPack AS-18 and lonPack AS-25.
Both columns allows for separation of typically geated in coke wastewaters anions.
Nevertheless, detection on thiocyanate anions Wihl8 is not possible. In order to get
complete information about the content of interggtianions in a single analysis,
employment of lonPack-25 column is recommendedeteal standard method using
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self-prepared standard solution was utilized foargitative analysis. 36-mM potassium
hydroxide eluent of high purity was electrochemlicgbroduced by eluent generator
cartridge (EGC-KOH). The eluent flow was maintainatdthe rate of 0.250 c¥min.

Column and detector compartments were thermostte®D and 20 °C respectively to
obtain a constant conditions. Chromatogram wererdesl isocratically for 20 minutes

(Fig. 4).
Gas chromatography

Gas chromatography has an enormous potential imcgmzental analysis. It is capable
of analysis trace level of organic compounds andndb suffer from matrix effects.
Moreover, it provides many additional informationn csample composition, like
concentration of basic compounds (pyridine, quineloindole), even though the method
requires the use of chromatograph with dedicatéecttar coupled with mass spectrometer.

Phenols and polycyclic aromatic hydrocarbons (PAHs)letermination by GC/GC-MS

Polycyclic aromatic hydrocarbons are a subject mkrest due to their proven
cancerogenic activity. According to Commission lempkenting Decision of 28 February
2012 establishing the best available techniques T{B&onclusions under Directive
2010/75/EU [2], permissible concentration of sunthef 6 arbitrary chosen PAHSs in treated
coke oven wastewater should not exceed 0.05 nig/@urprisingly, two of the most
cancerogenic compounds are excluded from that ntarydiést.

Detection limit of 0.05 mg/dfcan be easily achieved by gas chromatography edupl
with mass spectrometry. However, direct analysisvabtewater encounters one major
problem, i.e. PAHs are water-insoluble (octanolewvgtartition coefficient lo,,, > 3.3)
and are almost completely adsorbed on suspendét reatter. Therefore, their analysis
requires sample pretreatment in order to obtain dgsnous solution. So far, different
technigues have been proposed for sample pretreatiffeey are all based on high affinity
of PAHSs to nonpolar substances.

Wastewater samples are not homogenous. They cadhihparticles as well droplets
of tar. Due to extremely low solubility of PAHs water they are either adsorbed on solid
particles or dissolved in tar droplets. In ordeextract them from the sample Solid Phase
Extraction (SPE) technique was utilized. Coke owveastewater sample (50 &mwas
passed through a cartridge containing non-polavrhéat (LC-18). PAHs were then eluted
with acetone (2 cf) and toluene (2 ci Extract was marked with internal standards:
toluene solution of triphenylmethane (TFM) and 9dl@phenylanthracene (9,10-DFA).
Due to extremely low concentration of analytes edlsplitless injection along with
Selected lon Monitoring (SIM) technique were udliz An example chromatogram is
shown in Figure 5. Detailed description of chromgaaphic analysis conditions of PAHs in
wastewater samples are given in Table 1.

Content of phenols in wastewater was determinedasychromatography with flame
ionization detector. Quantitative analysis was emted by internal standard calibration.
Prior to analysis the sample was marked with agsiesalution of 2-methoxyphenol
(guaicol) and 4-methoxyphenol. Depending on thenple content in the sample, the
quantity of the internal standard and the injecttenhnique were selected. In case of
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extremely low concentrations pulsed splitless itijgctechnique was utilized (Table 1).
Otherwise, split between 5 and 25 was chosen. Aamele chromatogram is shown in
Figure 6. In order to determine concentration upl@mg/kg of methyl phenols and
nitrogen compounds pulsed splitless injection lwablet utilized.
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: i " i 2-quinoline
4010% ; il i i 3-2-methylphenol
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3 a0l 6 - 2,4-dimethylphenol
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Fig. 5. Chromatographic analysis of phenols, qumeoand indole. Capillary column Stabilwax 60 m.2Dmm
x 0.25um; Pulsed splitless injection
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Fig. 6. Chromatographic analysis of PAHs. Capillemjumn HP-5ms 30m x 0.25 mm x 0.2&. Pulsed splitless

injection and Selected lon Monitoring (SIM); 1 -ph¢halene; 2 - quinolone; 3 - indole; 4 - 2-methyl
naphthalene; 5 - 1-methyl naphthalene; 6 - acehgignte; 7 - acenaphthene; 8 - fluorine; 9 - pheeset

10 - anthracene; 11 - carbazole; 12 - TFM; 13 erfimthene; 14 - pyrene; 15 - benzo[a]anthracene;
16 - chrysene; 17 - benzo[b]fluoranthene; 18 - bfdftuoranthene; 19 - benzo[e]pyrene;
20 - benzo[a]pyrene; 21 - perylene; 22 - 9,10-diemptanthracene; 23 - indeno(1,2,3-c,d)pyrene;
24 - dibenzanthracene; 25 - benzo[g,h,i]perylene
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Table 1
Conditions of chromatographic analysis of phenals BAHs in wastewater samples
Analysis of phenols Analysis of PAHs
S Quadrupole mass spectrometer
Detector Flame ionization detector Selected ion monitoring (SIM)
Column Stabilwax 60 m x 0.32 mm x 0.26n HP-5ms 30 m x 0.25 mm x 0.2/
Temp.: 24C°C, Temp.: 280°C,
Injector 2 min pulsed splitless, 250 kPa 2 min pulsed splitless, 250 kPa
then split 5 then split 5
Carrier gas Helium 1cni/min Helium 1 criymin
Oven 50°C (5 min) - 10°C/min - 220°C (13 min) | 70°C (1 min) - 10°C/min - 280°C (18 min)

Summary and conclusions

The reliable and fast methods for the determinatmfnthe concentration of
contaminants typical for the wastewater generatethd coke production is crucial in the
case of the wastewater treatment plant effluerthdigge standards, but also in the case of
WWT plant influent, as well as at individual stagesits treatment. Coking wastewaters
samples can be analysed with different methods. eMlesless, some of analytical
procedures dedicated for qualitative and quantgatinalysis of typical for coke oven
wastewaters contaminants often allows the detetinmaf only one analyte while being
time-consuming. Furthermore, they often suffer frotterferences from other analytes,
especially thiocyanates and thiosulfates in casmpettrophotometric methods for cyanides
and sulphides determination. Nevertheless, becali#ts advantages, i.e. good accuracy
and precision, detection modes, high selectivipgesl, and separation efficiency, methods
like ion and gas chromatography are becoming maoik rmore popular in wastewater
analysis. Simplicity in sample preparation and fmkty to determine different analytes
during single run makes those methods unrivalleshedespite the fact, that they require
higher investment cost. Furthermore, in comparisith
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ANALIZA CHROMATOGRAFICZNA
W CHARAKTERYSTYCE SCIEKOW KOKSOWNICZYCH

Instytut Chemicznej Przerébki 8yla, Zabrze

Abstrakt: Chromatografia, ogélne olglenie grupy instrumentalnych metod analitycznychbeanie
akceptowanych jako niezwykle czute i skutecznen#ghanalityczne, pozwala na jadmows i ilosciows analiz
zwigzkdw chemicznych wyspujacych w $ciekach. W przypadkuciekow koksowniczych, z uwagi na ich
skomplikowany skitad, identyfikacja oraz oznaczesigenia gtdwnych zanieczyszagzetakich jak amoniak,
cyjanki, siarczki, rodanki, fenole i wielopieieniowe wglowodory aromatyczne, wymaga zastosowaniaycéh
technik analitycznych. Zastosowanie chromatogrgfiiowej (IC) z detekej konduktometryczp z supresgj
pozwala mierzy stzenia gtéwnych aniondw, tj. chlorkéw, azotanéw, §méiv, siarczanéw i rodankéw, a tak
kation6éw, takich jak jon amonowy, séd, potas, ivap magnez. IC sprzona z pulsacyjpn detekcy
amperometryczn na srebrnej elektrodzie jest stosowana do oznaczien siarczkow i wolnych cyjankow.
Chromatografia gazowa (GC), ktéra #Bdby¢ stosowana w pgézeniu z ranymi metodami zgtania analitow,
jest dominujca metod, oznaczania stenia zwizkdw organicznych wyspujacych w $ciekach. Sprzenie
chromatografii gazowej ze spektromgtinas (GC-MS) umdiwia wykonanie kompletnej analizy zaréwno
jakaosciowej, jak i ildsciowe] zanieczyszczte organicznych, tj. fenoli i wielopiécieniowych wglowodoréw
aromatycznych w prébkackciekdw koksowniczych. W pracy przedstawiono i onmva zastosowanie
chromatografii jonowej i gazowej oraz GC spianej ze spektrometrimas w analiziéciekow koksowniczych.

Stowa kluczowe scieki koksownicze, chromatografia jonowa, chromedfig gazowa



