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ABSTRACT

Pentachloromethane (PCP) is one of highly toxipalfchlorophenols and required to continuously ramiThis
paper presenting a sensitive method using highop@idnce liquid chromatography HPLC for trace detiration
of this compound. The retention time for PCP i t$tudy was found to be 12.9 minutes and the chographic
parameters were established through this study. &le@age concentration of PCP in waste water samplas
126.51g/L before treatment and dropped to 44 @A after treatment.

Keywords. Pentachlorophenol, wastewater, solid phase didrgdigh performance liquid chromatography.

INTRODUCTION

Several industry of wood treatment is a very wattnsive industry and the consumption can beigts &s 60 m

per tonne [1]. The wastewater from west-recycliag e potentially polluting due to chlorinated caupds that
formed during the bleaching process. Approximat9 different chlorinated compounds have been ffiedtin

several industry effluents of resin acids, chladahydrocarbons, phenols, catechols, guaiacotan$y dioxins,
etc. [2;3]. In wastewater, these compounds are mnedsas adsorbable organic halides (AOX). Theseé &frtoxic

compounds are recalcitrant and resist environmeleiadmposition also shows strong mutagenic effhatsto their
hydrophobicity and ability to penetrate cell menmas [4]. Upon to its toxicity effects, several cties practice
tight regulation on discharge of polychlorinatecepbls. Some other country has totally banned ptiaiu and
using chlorine containing chemicals [5 ; 6].

pentachlorophenol as representing these polychitaihphenols as prsestance chemicals was seletthis study
due its widely use as wood preservative [7]. Thisregpotential that PCP may reach to human food chain
Pentachlorophenol (PCP) is an environmentally &igamit chemical because of its toxic propertiessiBes this,
PCP has a high tendency to bioaccumulate in thategiood chain with bioaccumulation factors of 0d@r gold
fish, 324 for mussels and 78 for oysters [8]. Theective of this study was to develop a sensiteghhique via
preconcenration and using high performance liquidomatography (HPLC) method for determining low
concentration of pentachlorophenol. Solid phaseraetibn (SPE) coupled with high performance liquid
chromatography (HPLC) are used for the determinatioPCP in wastewater samples. Analysis was aladucted
for the wastewater samples after the aerobic tratrasing granular activated carbon-sequencinghblaitafilm
reactor (GAC-SBBR) and percentage removal of PQihdoin the influent and effluent for each batch was
compared.
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MATERIALSAND METHODS

2.1 Chemicals

Pentachlorophenol sodium salt (Fluka Chemical, 8wiand) was used as standard. The organic solwesrs
HPLC grade methanol (Fisher Scientific, UK) andtanirile (Merck KGaA, Germany) Other reagents &/6r0 M
hydrochloric acid (Baker Analyzed, USA), deionisedter adjusted to pH 2 with 6.0 M hydrochloric adddd1 M
phosphoric acid (Baker Analyzed, USA) and 0.01)aeetic acid (Baker Analyzed, USA) in methanol.

The sorbents used for solid-phase extraction wéiea$ased bonded C18 cartridges (sorbent mas3: rag,
reservoir volume: 6mL, IST-International Sorbenthieology).

2.2 Samples

Wastewater samples were collected from ( BregatPBrega, Lybia ) within seven day period of rdeyand
immediate analysis was performed. These samples \atar stored at 4°C for future investigationsmBkes were
filtered with 0.45um nylon membrane filter (Whatman) using vacuumrdtibn processes pre solid-phase
extraction.

2.3 PCP Concentration Calibration Curve

The calibration curve for PCP, 10 mg/L stock sautwas firstly prepared by accurately weighing appnately 10
mg PCP-Na and transferred it to a 1 L volumetidsKl then was diluted to volume with deionised watel stirred
to dissolve. The stock solution was further dilutedh required concentration of 0.05 mg/L, 0.1 md@15 mg/L, 2
mg/L and 5.5 mg/L. All the apparatus were washeti @01 M nitric acid before used.

2.4 Granular activated carbon reactor

The schematic of the reactor is shown in Figurd jlass reactor with a capacity of 2.0 liter wagdidor this
experiment. It was operated in the room temperg26eC) and packed with 200 g/l of 2-3 mm granwaletivated
carbon as a medium.

Influent
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Efluent GAC

Fig.1. Schematic diagram of GAC reactor

2.5 Analytical method

2.5.1 Solid-phase extraction procedure (SPE)

None polar media was used with Solid Phase ExtaqiSPE) IST-International Sorbent Technology metfar
extraction of PCP from water samples using a ndarpetention mechanism. This method was usedoiatis and
concentrate the PCP in the samples. It was diffitmlget a good chromatogram without using SPEhas t
determination of PCP in the samples was carriednoatw concentration. Preconcentration was caroetlin acidic
conditions to avoid any ionization of the compoumdshe sample. A 1 liter samples were adjustegH®2.0 with
6M hydrochloric acid. The cartridge was rinsed watmL methanol and 3 mL deionised water which wdjssied
to pH 2 with 6M HCI. The sample flow rate was kepthin 60 mL/min. Next step is to elute interferesawith 10
mL deionised water and once the retention stepbesth completed, the cartridge is dried for 30 sesamder
vacuum. Finally, the analysts were eluted with 8 (@Lx 4 mL) of 0.1% (v/v) formic acid (or aceticidg in
methanol.

2.5.2 High performance liquid chromatography (HPLC)
HPLC analysis was performed with Agilent binary gumstrument equipped with, multi-wavelength detecta
Zorbax SB-C18 column (4.6 mm ID x 150 mm, 5 um{;, &8 packing. Wavelength of the detector was fiee®54
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nm where PCP has maximum absorption. A flow rategmmme was developed to insure high efficiency of
separation. Running time for each sample analyas set to 20 minutes. Table 1 shows the analytmaditions of
HPLC analysis.

Table 1. Analytical conditions of HPL C analysis of PCP

Parameter Operation conditions
Model Agilent
Column ZORBAX SB-C18

Injection volume 20 pL
Mobile phase HPLC grade acetonitrile : 0.01M phosphoric acid

A 0.01M BPQO
Gradient B Acetonitrile
Time B%
1 0 20
2 7.5 45
3 9.5 80
Flow rate 1 mL/min
Temperature 35°C
Wavelength 254 nm

RESULTSAND DISCUSSION

3.1 Calibration curve

Concentrations of chlorinated phenols found in esaster effluent following bleaching with hypochlariwere 1.4
— 4.8 mg/L [9]. Council of Europe (2002)[10] hagpeoved a proposal that established a limit valuR@P as low
as 0.15 mg/kg in wastewater. Based on these fognélire standard concentrations of PCP were saldct®btain
the calibration curve. The retention time for PGPL2.9 minutes as shown kig2. Calibration curve and sample
result is presented in Table 2 and illustrateHig8.

i  peP
L :
0

o

1060 - |I

e o e o S —

0 25 -] 75 10 /4] 1 173

Fig 2. Chromatogram of authenticated sample of PCP at recorded at A =254 nm

Table 2. Typical concentration values and peak ar eas of PCP

Concentration Retention Time Peak Area

(ng/L) (min) (mAU*s)
50 12.94 23
100 12.94 38
500 12.92 192
2000 12.89 1839
5500 12.89 3625
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Fig 3. Calibration curve of PCP
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Fig 4. Spiked PCP (a) and after spike (b)

3.2 Analysisinfluent and effluent
Several samples of wastewater were analyzed andviirage reading was considered. Analysis of thetemater
samples as indicated by chromatogram showddgrl(a). A low and unclear peak was found at the retentiime
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of 12.9 minutes and it is related to mix with peaka of another pollutant in the samples. Thoskitaoits produce
higher peaks and overcome this lower PCP peak #émeaddition to improving quantitative results, thee of
standard addition methodology improved the relighbdf peak identifications. Analyte peaks can le¢ested of a
crowd of background peaks by comparison of chrogratms of spiked and unspiked extracts. A resulttlier
samples analysis after the samples were spiked @&hmg/L standard solution was showed by chronmatagn

Fig 4(b).

HPLC results showed that PCP present in wastewHterinitial range for influent concentration walsy/L — 182

ng/L. For the samples after treatment, only 4 batahe of 7 batches were detected. The concentraftenpassing
through the reactor was detected betweemg/t — 94 ug/L. The results for PCP concentration that detedate
influent and effluent were showed in Figure 5. Frihva figure, PCP concentrations were reduced &fated by
GAC and these indicate that GAC can be used to vertizese persistence materials from the waste waterall

data that were recorded, the average percentagamoival efficiency for PCP within 56% was achievAtthough

the PCP concentrations were quite low after treatmieowever this does not mean that all the PCP bleas
absorbed but less toxic (i.e. less concentratidh@PP) to aquatic and other life.
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Fig 5. PCP concentration in influent and effluent

The average influent concentration for PCP in twege of 126.5ug/L. This concentration that is present in the
environment is of great concern as PCP is toxizalotrant and bioaccumulation in organisms [11jefie are few
factors that may contribute to this result. Remow&lPCP requires chemical treatment to remove foriee
contaminants other material. Adsorption processédwaw is not able to totally remove PCP, it is wdyreduces
such as pentachlorophenol [12]. Comparisons ofctledepentachlorophenol in different wastewater dasfrom

various sources were showed in Table 3. From thke t&PCP concentration which was detected in wasttw
effluent that using PCP as wood preservative whaively higher than PCP concentration. Based @enrdsearch
carried out by Domeno et al. (2005) [12] the origffPCP is in the wood treatment.

Table 3. Detected pentachlor ophenol in wastewater samples from various sour ces

Compounds samples Concentration References
detected P (ng/L)
Chlorinated Kookana & Rogers
phenols Pulp mill effluent of conventional bleach proces#whypochlorite. 1400 — 4800 (1995) [9]
Pentachlorophenol Treated waste water samples from wood treatingtpléotated throughout Ervin & McGinnis
USA. 290 — 4300 (1980) [13]
Pentachlorophenol Waste water samples from recycle paper mill 127 This study
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CONCLUSION

The analysis for PCP was carried out by using sutidse extraction (SPE) coupled with high perforeeaiguid
chromatography (HPLC). Results showed that it issfide to determine the presence of PCP using HRLeClow
region concentration. Based on the laboratory teswiaste water samples from Brega Plant, Bregdialy
contained 126.1ig/L PCP. The removal efficiency of PCP is 56%. Aligh GAC can be used as a treatment option
in reducing the amount of PCP that presence inemasger.
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