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Abstract

Phenols and phenolic compounds are ubig-
uitous contaminants in the environment. Due
to toxic potential, some phenolic compounds
mainly chlorophenols and nitrophenols have
been classified as priority pollutants. They
enter into the environment through various
sources such as industrial, domestic and
vehicular emissions. For compliance of nation-
al and international regulations, various ana-
lytical methods have been developed for
assessment in the environmental matrices.
This paper presents quick, easy and reliable
method for simultaneous determination of
eleven priority phenolic compounds in waste-
water using reversed-phase high-performance
liquid chromatography and diode array detec-
tor. Liquid-liquid extraction technique with
dichloromethane in acidic condition was used
for the extraction, and chromatographic sepa-
ration of compounds was carried out on a C18
column with water and methanol as the mobile
phase. The following parameters like selectivi-
ty/specificity, linearity (R?), range, limit of
detection (LOD) and quantification (LOQ),
precision (repeatability) and accuracy (recov-
ery) were validated for consistent and reliable
results. Calibration curves for all compounds
were linear (R?, 0.998-0.999) within the con-
centration range of 5-125 (pg/mL). The LOD
and LOQ of the method ranged between 0.11-
0.61 pg/L and 0.37-2.04 pg/L, respectively. This
method was applied to quantify phenolic com-
pounds in wastewater samples from urban
drain with good separated peaks, precision and
accuracy.

Introduction

Phenols and phenolic compounds are aro-
matic hydroxyl compounds, which are of envi-
ronmental concern due to their ubiquity in the
environment and toxicity at low concentra-
tions. Phenolic compounds may be classified
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in various groups based on their physical-
chemical properties. The most studied groups
of phenolic compounds are chlorophenols,
nitrophenols, methylphenols, alkylphenols and
bisphenols.! These compounds are used or
formed mainly in field of chemical, polymers,
textile, pharmaceutical, pulp and paper, wood
industry, plasticizers, pesticide manufactur-
ing, detergent applications and metallurgic
industries.>*

Some phenolic compounds particularly
chlorophenols, have been reported as highly
toxic, estrogenic, mutagenic and carcinogenic,
anti-androgenic and vasodilator.*> Phenolic
toxicity is related to transformation processes
by the formation of electrophilic metabolites
that may bind and damage DNA or proteins
(enzymes). It is also reported that phenol and
phenolic compounds inhibit biological activi-
ties during wastewaters treatment.

The major anthropogenic sources of phenols
to the environment are industrial effluents and
domestic sewage. However, phenols may occur
naturally in the aquatic environment via
degradation of humic substances, tannin and
lignin.” Some of phenolic compounds in the
environment originate from the production
and use of pesticides such as 2,4-dichloro-phe-
noxyacetic acid (2,4-D), 4-chloro-2-methyl-
phenoxyacetic acid, 2,4,5-trichloro-phenoxy-
acetic acid (2,4,5-T), 2-methyl-4,6-dinitrophe-
nol (dinoseb), and phenolic biocides like pen-
tachlorophenol. Moreover, nitrophenols and
methylphenol enter the environment through
vehicle emissions.*

As a result, relatively large amount of phe-
nolic compounds has the potential to reach
aquatic environments and frequently found in
aquatic environments.?#* In recent years,
increasing attention has been paid to phenolic
compounds, due to increasing concerns about
their toxicity potential and negative impacts
on the environment.!"'518 Therefore, some
phenols mainly chlorophenols and nitrophe-
nols, have been classified as priority pollutants
by world health organization (WHO)," United
States environmental protection agency
(USEPA)* and the European Community?!
(Table 1).

Reliable analytical methods are required for
compliance with national and international
regulations.?? Several analytical methods have
been frequently used for determination of phe-
nol or their derivatives in the environmental
matrices. Liquid-liquid extraction (LLE) and
solid-phase extraction are the most commonly
used techniques for pre-concentration phe-
nols.?*?* For quantitative detection, most fre-
quently used chromatographic methods are
gas chromatography (GC) combined with
flame ionization detection or gas chromatogra-
phy mass spectrometry (GC-MS) detec-
tion.l71314162526 However, in GC analysis
derivatization step is needed for nonvolatile
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compounds which results most of the time GC
columns degradation.?” Moreover, derivatiza-
tion increases the sample preparation time
and represent another source of errors.
Therefore, alternative methods of high per-
formance liquid chromatography (HPLC)
methods combined with UV/diode array detec-
tor (DAD),%% electrochemical,***' and fluores-
cence?® detections are more suitable for analy-
sis of priority phenolic compounds.

The aim of this work was to develop and val-
idate a simple and reliable method for extrac-
tion, identification and quantification of
eleven priority phenolic compounds in waste-
water. For this purpose, extraction of waste-
water samples was done with dichloromethane
in acidified condition and quantification of
eleven phenolic compounds was carried out
with HPLC coupled with DAD using
methanol/water as mobile phase.

Materials and Methods

Chemicals, solvents and standards
Solvents (dichloromethane and methanol),
chemicals (sodium sulphate, sulfuric acid, and
ortho-phosphoric acid) and water procured
from Rankem, India. All solvents and water
was HPLC grade and chemicals were analytical
grade. Individual eleven priority phenols
namely (phenol, 2-chlorophenol, 24-
dichlorophenol, 2,4,6-trichlorophenol, pen-
tachlorophenol, 2-nitrophenol, 4-nitrophenol,
2 4-dinitrophenol, 2-methyl-4,6-dinitrophenol,
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Table 1. Physical properties of priority phenolic compounds.’

Phenol 108-95-2 94.11 40.8 181.8 1.06 (20°C) 10.0 1.46 83
4-nitrophenol 93951-79-2 139.11 110-115 279 1.48 (20°C) 7.08 2.04 11.6
24-dinitrophenol 51-28-5 184.11 114-115 113 1.68 (20°C) 3.94 1.67 545
2-nitrophenol 88-75-5 139.11 43-45 215216 1.26 (20°C) 7.23 1.89 2.50
2-chlorophenol 95-57-8 128.55 7 174 1.26 (20°C) 8.56 2.15 28.5
2,4-dimethylphenol 105-67-9 122.16 25 211 1.016 (20°C) - - -

2-methyl-4,6-dinitrophenol ~ 534-52-1 198.14 82-85 312 - 10.58 2.30 0.05
4-chloro-3-methylphenol  59-50-7 142.58 63-65 235-239 1.37 (20°C) 9.6 3.10 4

2 4-dichlorophenol 120-83-2 163 40-43 209-211 - 7.85 3.06 45
2,4,6-trichlorophenol 88-06-2 197.44 65-68 244-246 1.675 (20°C) 69 6.15 3.69
Pentachlorophenol 87-86-5 266.34 190-191 309-310 1.978 (20°C) 47 5.12 0.01

2,4-dimethylphenol, 4-chloro-3-methylphenol)
and EPA phenol mixture standard solutions
were procured from Supelco (Bellefonte, PA,
USA). Ultra pure water was prepared using a
Mili-Q plus water purifications system.

Instrumentation

Glassware involved in the method was
cleaned with detergent followed by deionised
water and finally solvents rinse and dried in
hot air oven. Manual LLE technique using sep-
arating funnel (1L) was followed for phenolic
compound extraction from water. Vacuum
rotary evaporator (Eyela, Tokyo, Japan),
Turbovap (Caliper, USA) and Minivap
(Supelco, USA) were used for extract concen-
trations. HPLC system (Series 1100, Agilent
Technology Inc., Santa Clara, CA, USA) was
used in combination with a quaternary solvent
delivery system with vacuum degasser unit,
auto sampler, column oven, and UV-DAD (ultra
violet-diode array detector) (A=280 nm) for
the chromatographic analysis.

Synthetic sample

The synthetic water was used in order to
avoid interference in the chromatographic
separation and in the detection response.
Synthetic sample was prepared in the laborato-
ry with the addition of known quantities of
eleven phenolic compounds in Milli-Q water.
Synthetic water sample was adjusted to pH <2
with 50% sulfuric acid in water (1:1vA), pre-
served in brown glass bottle with teflon lined
screw cap, and processed by extraction within
same day.

Sample extraction

Liquid-liquid extraction in separatory funnel
was carried out three times with 50 mL of
dichloromethane for 2 min each. The organic
phase was passed through anhydrous sodium
sulphate to remove traces of water contents
and the extracts were concentrated to near 5

Table 2. High performance liquid chromatography conditions for the determination of

phenolic compounds.

Injection volume 10 pL

Guard column

C18 (4.6x12.5 mm, 5 pm diameter particle size)

Analytical column

C18 (4.6x250 mm, 5 pm diameter particle size)

(Ascentis®, Supelco, Bellefonte, PA, USA)

Mobile phase composition

A (0.1% o-phosphoric acid in HPLC Water)

B (0.1% o-phosphoric acid in Methanol)

Gradient 20 to 95% B in 30 min
Mobile phase flow rate 0.7 mL/min
Column temperature 25+1°C

Detection

Diode array detector (DAD), 280 nm

mL by vacuum rotary evaporator (Eyela, Tokyo,
Japan). Extract solvent was exchanged with
methanol by the addition of 50 mL methanol,
and again concentrated again to near 5 mL.
Special care was taken to remove traces of
dichloromethane to avoid interferences during
chromatographic analysis. The concentrated
extract volume was reduced to 1.0 ml under
gentle stream of purified nitrogen gas using
Turbo Vap (Caliper, USA) and Minivap
(Supelco, USA).

High-performance liquid
chromatography conditions
for phenolics analysis

The chromatographic identification and
quantification was performed using Agilent
(Series 1100, Agilent Technology Inc., Santa
Clara, CA, USA) high performance liquid chro-
matograph (HPLC), equipped with a vacuum
degasser (Agilent, G1379A), quaternary pump
(Agilent, G1311A), diode array detector
(Agilent, GI1315B) and an autosampler
(Agilent, G1329B). Chromatographic condi-
tions for the determination of phenolic com-
pounds are presented in Table 2. A 10 uL vol-
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ume of methanol extract was separated on a
C18 reversed-phase analytical column
(4.6x250 mm, 5 um diameter particle)
(Ascentis®, Supelco, USA). Before analytical
column, a guard column (4.6x12.5 mm, 5 um
diameter particle) used to prevent any contam-
ination into the column. Gradient flow was set
at 0.7 mL/min of 0.1% o-phosphoric acid in
methanol and 0.1% o-phosphoric acid in water
was used for elution during analysis. The
mobile phase conditions varied from 20%
methanol to 95% in 30 min and then come back
to the initial conditions at 60 min. Peaks were
determined at 280 nm for all phenolic com-
pounds. The controlled ambient temperature
in column was 25+1°C. The Agilent
Chemstation software (Rev. B.02.01) was used
to control the chromatographic conditions and
data acquisition.

Basic analytical quality control

The method was performed with general
quality assurance (replicate sample, instru-
ment calibration verification and repeatability
check of the instrument). Method blanks in
triplicate were processed as real samples to
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check any cross contaminations or loss of the
analytes. Calibration standard solutions were
prepared at the time of instrument calibration
with every batch of analysis. The calibration
curves followed the Beer’s law in the investiga-
tion range of phenolic compounds injected in
the column. Calibration of the instrument was
carried out by injecting amount of the five level
phenolic compounds (5-125 plL) as a function
of peak area using linear fit. Data obtained for
instrument calibration, Ze. regression equa-
tion, standard deviation (SD) and the value of
the multiple correlation coefficients (R?) of the
instruments are presented in Table 3.
Measurements were repeated three times for
each sample and the results were averaged
and expressed relative to the average result for
the method blank (concentration, <DL BDL).
The limit of detection (LOD) and quantifica-
tion (LOQ) were estimated at signal to noise
ratio >3:1 and 10:1, respectively. The method
performance and matrix effects were checked
by analyzing real samples spiked with stan-
dard.

Method validation parameters

Before adopting an analytical method for
consistent, reliable and accurate data, valida-
tion of method is necessary. Various parame-
ters have been defined the validation of analyt-
ical methods.?*-37 During our study, we vali-
dated the following briefly described parame-
ters:

Specificity: The ability of an analytical
method is to differentiate and quantify the
analytes in the presence of other compound in
the sample. Specificity in chromatographic
analysis was obtained by optimizing chromato-
graphic conditions. In addition to chromato-
graphic separation, the sample preparation
step was also optimized for optimal selectivi-
ty.22333437 Optimized specific HPLC conditions
were followed for selectivity by analyses of

blank samples (extracted distilled water) in
triplicates. Each blank sample tested for inter-
ference, and selectivity was lower than LOD.
The specificity of the method was determined
by analyzing the standard solution containing
all the eleven phenolic compounds. For this
purpose 10 pL of one of the standard solutions
was injected into the HPLC system and the
specificity of the method was measured in
terms of the resolution between the two peaks
(retention times) without overlapping of the
peaks (Table 3).

Linearity and range: After dilution of the
stock standard solution, an intermediate
mixed standard solution was prepared.
Intermediate and working standard solutions
were prepared in methanol and stored at 4°C
in the dark. Five levels of calibration working
solutions for each compound were prepared
and chromatographed by injecting 10 uL. A cal-
ibration curve for eleven phenolic compounds
was prepared separately by plotting peak area
(y-axis) versus concentration (x-axis). All
curves were constructed using the external
standard method. The peak identification of
the analytes was done by the accurate reten-
tion time of each individual standard.
Calibration was verified by analyzing the mid-
dle level calibration standard and the relative
percent difference between expected concen-
tration and obtained responses from the five-
point calibrations. The calibration curve was
fitted by linear least-squares regression and
the value obtained for the correlation coeffi-
cient indicated that the method is linear in the
range of concentrations studied (Table 3).

Limits of detection and quantification: LODs
and LOQs were determined as the lowest phe-
nolic concentration injected that yielded a sig-
nal-to-noise (S/N) ratio of 3 and 10, respective-
ly. The LOD and LOQ were obtained by process-
ing the eight aliquots of a spiked sample with
smallest quantity of the standard materials to
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produce a valid quantifiable peak for a 10 pL of
injection. The detection limit was calculated as
per the standard guidelines®*% with the fol-
lowing equations:

Limit of detection (LOD) =SD x 3 €8}

Limit of quantification LOQ =SDx 10  (2)
where, SD is the standard deviation of
response of 7 replicate analysis. The estimated
detection limits for all eleven phenolic com-
pounds were presented in Table 3.

Accuracy or Recovery: Accuracy of an analyt-
ical method is the closeness of agreement
between the conventional true value or an
accepted reference value and the value
observed. Trueness or bias in terms of accura-
cy/recovery was determined through the per-
cent recovery with addition of the standard
solution to the distilled water and wastewater
sample in triplicates at different levels concen-
trations of phenolic compounds. The average
percent recovery was calculated using the fol-
lowing equation:

Recovery (%) =
SpikedConcemration) x 100

(ObserVe dConcemra[ion /

3

where observed;,,cenration 1S the concentration
observed in the samples and spikedpcentration 15
the initial concentration spiked to the sample.
Obtained method recoveries for individual
phenolic compounds spiked in distilled water
and wastewater presented in Tables 4 and 5,
respectively.

Precision: Precision is the closeness of
agreement between independent test results
obtained under validated conditions. The pre-
cision of this method was based on the reten-
tion time and the average concentration in
standard solution and wastewater sample. The
precision was evaluated through the interme-

Table 3. Calibration data for linearity, retention times, regression, calibration verification and detection limits.

Phenol 525 18.60 y = 8.345x - 2.893 0.998 0.008 0.18 0.61
4-nitrophenol 25-125 21.85 y = 1.876x - 1.003 0.999 0.006 0.61 2.04
2,4-dinitrophenol 15-75 2345 y = 28.69x - 15.53 0.998 0.003 0.33 1.09
2-nitrophenol 5-25 24.14 y = 21.27x - 6.999 0.998 0.003 0.11 0.37
2-chlorophenol 5-25 2447 y=12.38x - 6.131 0.998 0.008 0.11 0.38
2,4-dimethylphenol 5-25 21.52 y = 12.82x - 4.070 0.998 0.007 0.11 0.38
2-methyl-4,6-dinitrophenol 25-125 28.60 y = 36.02x - 18.88 0.998 0.007 0.54 1.81
4-chloro-3-methylphenol 25-125 29.19 y=9.190x - 3.776 0.998 0.005 0.57 1.89
24-dichlorophenol 5-25 30.46 y = 8.804x - 2.981 0.998 0.013 0.32 1.08
2,4,6-trichlorophenol 15-75 33.64 y = 5.845x - 1.803 0.999 0.004 0.38 1.28
Pentachlorophenol 25-125 38.63 y = 2.142x - 1.417 0.998 0.015 0.60 1.98

RT, retention time; LOD, limit of detection; LOQ, limit of quantification. *Y=ax+b (where, y: instrument response as peak area, a: slope of calibration curve, x: concentration of calibration standard, b: intercept of

the calibration curve).
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diate precision method and within-day
repeatability, for which 7 injections of the
standard solution and wastewater sample were
carried out. Precision as repeatability was
expressed as SD and relative standard devia-
tion (RSD) in Table 6.

Calculation of results
The results were to be calculated as follows:

Phenolic compound concentration (ug/L) =
(AxB/C) “

where:
A* = Concentration of analyte obtained from
instrument (ug)
B = Final extract volume (mL)
C = Initial sample volume taken (L)

*Based upon the average of 3 separate
determinations of each solution. Blank value
must be deducted.

Application of method

To assess application of this method, deter-
mination of priority eleven phenolic com-
pounds was carried out in wastewater samples.
1L water sample in triplicate in amber bottles
was collected from municipal drain in Delhi.
Ice preserved samples transported to laborato-
1y, filtered and stored at 4°C in dark. A known
quantities of phenolic compounds were spiked
and left overnight to equilibrate. Spiked waste-
water samples were adjusted to pH <2 with
50% sulfuric acid in water (1:1v/v), extracted
and analyzed with this method. The average
concentrations and of individual phenolic com-
pounds were presented in Table 6.

Results

Before extraction, samples were acidified to
pH <2 with the addition of 1:1 (v/) sulfuric
acid. Generally, 1.0 mL of sulfuric acid was suf-
ficient to reduced pH <2 for normal water sam-
ples and wastewater samples. For extraction
different volume of dichloromethane was test-
ed, but extraction with 50 ml dichloromethane
three times produced sufficient extraction effi-
ciency (Tables 4 and 5).

The peak shape, retention time and chro-
matographic spectrum did not show any possi-
ble interference. No interfering or overlapping
peaks were observed in the chromatograms at
the specific retention time for each compound
and in all cases, compared with the standard
solution.

Five point calibration curves were verified
with known standard solution and found to be
within range of 0.003-0.015%. Calibration
curves were linear over the test concentration
range. The minimum specified range is 80 to
120 percent of the expected test concentration

Table 4. Determination of the method accuracy as recovery (%) of phenolic compounds
from distilled water spiked with different levels of standard concentration (n=3).

Phenol 10 42 44 43 0.99
25 38 42 39 2.3
4-nitrophenol 50 60 62 61 0.94
125 46 49 47 1.6
24-dinitrophenol 30 100 102 102 1.6
7 97 115 104 94
2-nitrophenol 10 42 71 61 17
25 84 93 88 46
2-chlorophenol 10 87 110 95 12
25 91 101 94 59
24-dimethylphenol 10 89 91 91 1.1
25 98 107 103 4.6
2-methyl-4,6-dinitrophenol 50 98 101 100 1.8
125 91 110 99 9.6
4-chloro-3-methylphenol 50 95 99 98 2.1
125 101 111 104 58
2,4-dichlorophenol 10 84 89 87 3.2
25 94 103 97 48
2,4,6-trichlorophenol 30 93 96 95 1.6
75 94 110 101 78
Pentachlorophenol 50 97 112 104 75
125 92 112 105 11

SD, standard deviation.

Table 5. Determination of the method accuracy as recovery (%) of phenolic compounds
from wastewater spiked with different levels of standard concentration (n=3).

Phenol 15 35 37 36 12
25 29 31 30 12
4-nitrophenol 75 49 59 53 3.9
125 53 59 o4 0.8
2,4-dinitrophenol 45 81 106 91 11
75 87 110 101 13
2-nitrophenol 15 20 24 22 1.5
25 43 56 51 6.8
2-chlorophenol 15 100 118 106 9.5
25 5T 63 61 3.6
2,4-dimethylphenol 15 71 88 78 72
25 68 73 71 2.1
2-methyl-4,6-dinitrophenol 7 81 105 91 11
125 91 110 103 10.2
4-chloro-3-methylphenol 75 76 97 85 9.3
125 79 91 85 6.0
2,4-dichlorophenol 15 7 114 90 17
25 69 72 71 14
2,4,6-trichlorophenol 45 76 99 85 10
75 71 80 75 4.6
Pentachlorophenol 75 82 109 95 11
125 106 110 109 2.5

SD, standard deviation.
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Table 6. Precision as repeatability of the method based on the retention time and concentration in standard solution and wastewater.

Phenol 18.60 0.08 0.43 9.05 0.08 0.84 520 0.02 0.48
4-nitrophenol 21.85 0.30 1.38 8.95 0.05 0.60 36.54 0.02 0.05
2,4-dinitrophenol 2345 0.30 1.32 8.96 0.03 0.29 36.42 0.07 0.18
2-nitrophenol 24.14 0.07 029 9.03 0.02 0.26 3.09 0.02 0.52
2-chlorophenol 24.47 0.04 0.16 9.07 0.07 0.75 1441 0.05 0.37
2,4-dimethylphenol 21.52 0.16 0.58 9.13 0.06 0.68 10.69 0.00 0.03
2-methyl-4,6-dinitrophenol 28.60 0.30 1.08 9.05 0.07 0.72 60.71 0.13 0.22
4-chloro-3-methylphenol 29.19 0.24 0.85 9.11 0.04 0.48 57.32 0.13 0.23
2,4-dichlorophenol 30.46 0.51 1.70 9.27 0.12 1.27 11.53 0.07 0.60
2,4,6-trichlorophenol 33.64 0.28 0.83 9.20 0.04 0.40 34.08 0.08 0.23
Pentachlorophenol 38.63 0.39 1.01 9.18 0.13 147 62.42 1.18 1.88

SD, standard deviation; RSD, relative standard deviation; Conc., concentration.

ranges.?*30 The results of the regression
analysis and linearity of calibration range are
shown in Table 3. The observed linearity (R?)
ranged between 0.998-0.999 for all the eleven
phenolic compounds.

The estimated LOD and LOQ are presented
in Table 3. LOD ranged between 0.11-0.61 pg/L
while LOQ varies between 0.37-2.04 pg/L.

Due to non-availability of certified reference
material, recovery study was undertaken by the
addition of known quantity of phenolic com-
pound standards at different levels of concen-
tration in distilled water (Table 4) and waste-
water (Table 5). The added standard concen-
trations were within calibration range. The
average recovery of phenol, nitrophenols and
chlorophenols ranged between 39-43%, 47-
104% and 87-105%, respectively in distilled
water. However, in wastewater, recoveries for
phenol, nitrophenols and chlorophenols were
between 30-36%, 53-91% and 61-109%, respec-
tively.

The precision of this methodology was
based on the retention time and average con-
centration of phenolic compounds in standard
solution and known standard spiked waste-
water samples (Table 6). The SD values
obtained in this study, ranged 0.04-0.51, 0.02-
0.13 and 0.02-1.18, respectively for retention
time, average concentration in standard solu-
tion and wastewater. However, their RSD
ranged 0.16-1.70%, 0.26-1.47% and 0.03-1.88%
for retention time, average concentration of
phenolic compounds in standard solution and
wastewater sample, respectively.

Discussion

The objective of our work was to develop a
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simple procedure suitable for extraction and
determination of priority phenolic compounds
in wastewater. Calibration curves were linear
over the test concentration range and within
the minimum specified range of 80-120 per-
cent.?*344 The observed linearity was within
acceptable range® indicating an excellent fit of
the phenolic compounds within the range
studied. A linear regression equation applied
to the results should have an intercept not sig-
nificantly different from zero. A significant
nonzero intercept was obtained, which demon-
strated that this linearity has no effect on the
accuracy of the method.

The observed values of LOD were three
times lower than LOQ shows that method is
sensitive for determination of phenolic com-
pounds in water samples. These values are
better than those obtained by other workers,
which uses different method of extraction and
detection.?!

Accuracy of an analytical method is the
closeness of agreement between the true value
or reference value and the value observed for
the specified compound in test material.
Trueness or bias was determined by comparing
the response of the method to a reference test
material with the known value assigned to the
material. At the studied levels of fortification,
observed recoveries were comparatively low
for phenol (range, 29-62%) and for some nitro-
phenols (range, 42-115%). These recoveries
were similar with other studies.!®4! However,
the observed recoveries for other phenolic
compounds were in agreement with other
studies.!#?5282940 The standard deviations of all
the recovery experiments were lower than
17%. Variation in recoveries may be better
explained with their physical-chemical proper-
ties (Table 1). In general, these compounds
dissolve weakly in water, but well in organic
solvents. Their water solubility decreases with
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increasing number of chlorine atoms in a mol-
ecule. Moreover, fate of these compounds in
water depend on the dissociation constant
(Ka) and the partition coefficient (Ky). The
dissociation constant and partition coefficient
increases with the number of chlorine atoms
and the water solubility (hydrophilicity)
inversely decreases. Therefore, obtained
recovery results (Tables 4 and 5) may be well
correlated with the physic-chemical properties
of the studied phenolic compounds (Table 1).%
Precision results obtained under validated
conditions were within acceptable limit of cen-
tral value.®35

Conclusions

This method is easy, sensitive and reliable
for the determination of eleven priority pheno-
lic compounds in less than 40 min with accept-
able analytical precision, accuracy, sensitivity
and selectivity. The limit of detection ranged
between 0.11-0.61 ug/L for all the eleven phe-
nolic compounds extracted with LLE and
detected by DAD. The calibration was linear
with correlation coefficient >0.99 for all the
eleven compounds. Precision was within
acceptable limit of central value. The devel-
oped method was successfully applied to the
quantitative analysis of eleven phenolic com-
pounds in the wastewater from urban drain.
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