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ABSTRACT

A simple method of extraction and determination of sixteen priority polycyclic aromatic hydrocarbons (PAHs) from
waste water and sediment using high performance liquid chromatography (HPLC) has been validated with limits of
detection (LOD) and limits of quantification (LOQ), method recovery and reproducibility and other factors. HPLC
parameters, such as mobile phase composition and flow standardized for determination of PAHs using ultra violet-
diode array detector (UV-DAD). PAH extraction was carried out by liquid-liquid and Ultrasonication using
dichloromethane and acetone/hexane solvents for water and sediment, respectively. Slica gel colum
chromatography was carried out for extract clean-up. Linearity of calibration curves was good for all sixteen PAH
(R?, 0.991-0.996) in the concentration range 2.5-300 ppb. Analysis of standard spiked water and sediment samples
resulted in good recoveries between 78-100 % and 82-106 %, respectively. The estimated LOD and LOQ ranged
between 0.01-0.51 ppb and 0.03-1.71 ppb, respectively. The method described has been used for determination of
the sixteen PAHSs contents in water and sediment sampl es collected from municipal drains.
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INTRODUCTION

Polycyclic aromatic hydrocarbons or polyaromaticitogarbons are group of organic arene compoundpased

of two or more aromatic benzene rings with molecuatasses ranging from 128 Dalton to 278 Dalton.r@ e
hundreds of polycyclic aromatic hydrocarbons (PAhts)he environment, among them; sixteen PAHs Haeen
classified as priority pollutants by the United t8Bs&aEnvironmental Protection Agency [1-2]. The egxt priority
PAHs includes naphthalene, acenaphthene, acensgmmhyfluorene, phenanthrene, anthracene, fluoragthen
pyrene, benzo[alanthracene, chrysene, benzo[b]fitieeae, benzo[k]fluoranthene, benzo(a)pyrene,
dibenzo[a,h]anthracene, indeno[1,2,3-cd]pyrenelserd:o[g,h,i]perylene.

They are matter of concern because of their tgxiaitd tendency to accumulate in sediments, soilistarough
bioaccumulation, biomagnifications in the food ¢h4B]. Bioconcentration and bioaccumulation of PAkis
organisms occurs through various routes includirggstion, inhalation or dermal contact pathwaysrldvblealth
Organization’s International Agency for ResearchGamcer (IARC) has classified the carcinogenicftindividual
PAH compounds. PAHs are toxic and their carcinagignis initiated by their metabolic conversiongeroxides
that bind covalently to cellular macromoleculeg;liiling DNA, causing an increase of elevated lewEI®NA
adducts and developing errors in DNA replicatioricifcause carcinogenesis in both humans and otganisms
[4-7].
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PAHs are released to the environment predominafittyn petroleum products (petrogenic sources) and
anthropogenic activities of incomplete combustiamcesses involving coal, petroleum products andnbgs
(pyrogenic sources) [4]. Due to their low vaporgsure, non-polar, lipophilic and highly hydrophobicnature,
they are globally distribution in atmospheric, éstrial and aquatic systems. Low molecular weightHP
compounds have the higher water solubility whichreases with increasing molecular mass. PAHs gliynéead

to be more easily adsorbed onto organic mattethénenvironment, PAHs are readily associated withaiic
substances such as biopolymers, humic substanceblack carbon. In the aquatic environment, howetley
occur either as free molecules or associated wihoted organic matter and particulate phasesfiaadly in
sediments.

Human exposure to PAHs occurs mainly through thesemption of contaminated food, and releases in the
occupational environments. The amount of PAHs itewand sediments/soils and the close proximityitia
including humans lead to human exposure [8-9]. dtoee, assessments of levels of PAHs in different
compartments of the environmental need much attenSeveral analytical methods have been frequeistiyg for
determination of PAHs or their derivatives in thevieonment, biological or food matrices. Most freqtly,
chromatographic methods are GC or HPLC with masstspmetry detection [10-17]. HPLC methods are more
suitable for analysis of PAHS, as in comparisorGi@, the thermally labile or low volatile compoundsn be
analyzed easily. Reliable analytical methods aggired for compliance with national and internatibregulations
[18]. The aim of this work was to validate a simptethod for extraction of priority 16 PAH compouridswaste
water and sediments using LLE and Sonication etitnactechniques, respectively and quantification High
performance liquid chromatography with diode amatector (HPLC-DAD).

MATERIALSAND METHODS

Chemicals, Solvents and Standards

HPLC grade solvents (hexane, acetone and dichldt@ne), sodium sulphate (AR grade), water (HPLCgyand
acetonitrile (HPLC gradient grade) procured frorshier scientific and Merck, India used in processing analysis.
Solvents used in mobile phase were degassed by&imm before use. Silica gel (100—-200 mesh) pextidirom
Supelco (Sigma-Aldrich, USA) was activated at 180for 16 h and used as absorbent during chromatbigra
column cleanup. Anhydrous sodium sulphate (MeroHjd) was cleaned with solvents in Soxhlet andestan the
sealed desiccator. Individual standard solutiond®PAHs compounds [naphthalene (Npt), acenaphttieNe),
acenaphthylene (ANy), fluorene (Fle), phenanthraPlee), anthracene (Ant), fluoranthene (Flt), pyreRgr)(
benzo[a]anthracene (BaA), chrysene (Chr), benzofmfinthene (BbF), benzo[k]fluoranthene (BkF),
benzo(a)pyrene (BaP), dibenzo[a,h]anthracene (DBAJeno[l1,2,3-cd]pyrene (Ind), and benzo[g,h,i]peme
(BghiP)] and EPA's priority 610 mixture solutionerme purchased from Supelco (Sigma-Aldrich, USA).rkifg
standard solutions were prepared by diluting tbekssolutions as required. Ultra pure water wapamed using a
Mili-Q plus water purifications system.

I nstrumentation

All the glassware was cleaned with detergent folldvwy deionised water and finally solvents rinse dried in hot
air oven. LLE and Sonication techniques using sgpay funnel and Ultrasonic water bath were folldver PAHs
extraction from water and sediments, respectivelgcuum rotary evaporator (Eyela, Tokyo, Japan)b®uap
(Caliper, USA) and Minivap (Supelco, USA) were uded extract concentrations. HPLC system (Serie8011
Agilent Technology Inc., Santa Clara, CA, USA) wa®d in combination with a quaternary solvent éginsystem
with vacuum degasser unit, auto sampler, columm.ogad UV-DAD (ultra violet- diode array detect§k=254
nm) for the chromatographic analysis.

Table 1: Gradient flow of mobile phase with composition and time

Time(min) Water (%) Acetonitrile (%) Flow (mL/min)

0.01 0 100 .
15 38 65 1.C
20 15 85 1.0
25 5 95 1.0
3C 0 10C 1.C
45 0 100 1.0
50 0 100 1.0
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Analytical Conditions

The chromatographic separation was performed o8-2AH Supelcosl , an analytical column (25cm x 4.6 mm,
5 um film) and Eclipse XDB-C8 (4.6 x 12.5 mm, 5 |fiilm) as guard column by 20 pL sample injection and
gradient flow with acetonitrile and water @1.0 nilimThe temperature in a column oven was set t&€ 3Mobile
phase with multi-step gradient elution conditionsrev used with total run time of 50 min per sampté&aet
injection (Table 1).

Sample Extraction

One (1L) water sample was taken in separatory fuane extracted by dichloromethane thrice (50,ZDml) by
vigorous shaking for 2 min each. The organic phaas passed through anhydrous sodium sulphate toveem
traces of water contents and the extracts wereertrated to near 5 ml by vacuum rotary evapordyel@, Tokyo,
Japan). The concentrated extract volume was redunger gentle stream of purified nitrogen gas uSiagho Vap
(Caliper, USA) and Minivap (Supelco, USA) and soltvexchanged to acetonitrile (1.0 ml).

Ultrasonication technique was used for PAHs exiwadirom sediment samples. During this processr@apmately
20 g of sediment sample was thoroughly mixed withyarous sodium sulphate to get free flowing powaied
extracted with 50 ml mixture of acetone-hexane {1v) for 30 min in ultrasonic bath. After Soniaati the extracts
were allowed to settle and solvent layer was fitethrough a Whatman 41 filter paper. The process mwpeated
for two more times. The pooled solvent extract wascentrated to near 1.0 ml under reduced presswaet0°C
water bath using a rotary evaporator (Eyela, Toldapan).

Extract Cleanup

Clean up of the extract is required to remove doagked compounds that could interfere during tistrumental
analysis. Sample extracts were cleaned using siiel column chromatography. For this purpose, assgla
chromatographic column (25 cm x 10 mm i.d.) packét plug of glass wool, 10 g activated silica g€00-200
mesh), 1 cm layer of sodium sulphate and plug a$gwool was used to separate the required anélgtg®on from
other interfering compounds. The concentrated etdrand two 2-ml hexane rinses of the sample flaskew
transferred on to top of the column. The column Wiest eluted with 30 ml of hexane containing akiic
hydrocarbons and that was discarded. Subsequénty,elution was carried out with 35 ml of dichtonethane at
the flow rate of~2 ml min' and retained for PAHs quantification. PAHs coritainfraction was concentrated to
near 1 ml with rotary evaporator. An additional@Dhexane was added to the concentrated extradts\saporated
to remove traces of dichloromethane. Final extvears concentrated to 1 ml under gentle stream of pitrogen,
using Turbo Vap (Caliper, USA) and Minivap (Supeld®A) and immediately solvent exchanged to acéitefor
PAH analysis by HPLC.

Basic Analytical Quality Control

The method was performed with quality assuranceli¢@e sample, instrument calibration verificatiand

repeatability check of the instrument). Two replcélanks were processed as real samples to chickrass
contaminations or loss of the analytes. A set ofkimg stock standard solution was prepared by ididualiquots of
the stock solutions. Calibration PAHs standard tmhs were prepared by suitable dilution of thecktsolutions
with a mixture of acetonitrile/water (50:50, v/i\9) ¢jive appropriate concentrations of each PAH camgdTable
2). Calibration standard solutions were stored &€ 4n the dark and were stable for approximatkheé¢ months.
Calibration of the instrument was carried out bjgdating active amount of the five level PAHs corications as a
function of peak area using linear fit. The peanidfication of the analytes was conducted by t®ieate retention
time of each standard. Calibration was verifiedallyzing the middle level calibration standard #mel relative
percent difference between the five-point calilomagi (Table 2). The instrument was calibrated witbrg batch of
sample analysis. The calibration curves followesl Beer's law in the investigation range of PAH®at¢d in the
column. Other statistical data for instrument aalilon, i.e. regression equation, standard deviat&D) and the
value of the multiple correlation coefficients’] of the instruments are listed in Table 2. Measwe®rts were
repeated three times for each sample and the sesale averaged and expressed relative to thegeveesult for
the method blank (concentration, <DL “BDL").

The method detection limits or limit of detectionQD) and limit of quantification (LOQ) were calctéal for a
valid quantifiable peak at signal to noise ratial>a8nd 10:1, respectively. Limit of detection (LOB)d limit of
quantification (LOQ) were obtained by processing #ight aliquots of a spiked sample to produce tectible
response (s/n >3) and multiplying the standardat®n by 3 ($¢ensvalue for eight replicates at 99% confidence
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level) and 10, respectively. Statistically calcathdetection limits for all sixteen PAHs were preed in Table 2.
The method performance and matrix effects werel@wby analyzing samples spiked with surrogatedstech(1-
fluoronaphthalene). The results of the recovergtre reported in Table 3.

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

PAHSs concentrationug/! or pg/kg)=(AxB/C)

Where:

A’ = Concentration of PAH obtained from instrumerg)(n

B = Final extract volume (ml)

C = Initial sample volume taken (L or Kg)

*Based upon the average of 3 separate determirsatib@ach solution. Blank value must be deducted.

Application of Method

To assess application of this method, determinaifgriority sixteen polycyclic aromatic hydrocarsowas carried
out in municipal drain water and sediment sampléater and sediment samples were collected fronerdifit sites
of municipal drains in Delhi. The observed concatiins of individual PAH compounds were presente@idble 5.

RESULTSAND DISCUSSION

Sample Preparation and Cleanup

The objective of our work was to develop a simplee-step cleanup procedure suitable for water addrents.
Water samples were prepared merely by manual eitnaavith dichloromethane. Sediment samples were
homogenized with anhydrous sodium sulphate andeitieaction was carried out using Sonication techaiq
Generally, clean water matrix does not requirecrolg step. However, sediment sample extracts weem by
simple silica gel column chromatography to sepaaatenatic hydrocarbons from aliphatic hydrocarbdngction
of unclean sample extracts resulted in generatfoaubstantial backpressure in the analytical colunecluced
retention reproducibility and interferences in pedéntification [19]. The problem disappeared wtisdlica gel
cleanup was used and it was also found the metboldl e used on sediment samples. Both the metwedsost
effective, easy to perform and used by several erarkl1,20-22] for PAHs quantifications for envirsental and
human health risk assessment.

I nstrumental Quantification

HPLC and GC methods have been considered to bélyegakd approaches to analyse PAHs by USEPA aheéro
environmental agencies. In this study, a simple @tethod was validated for the separation and tieteof PAH

in the water and sediment samples. Separation lgtydic aromatic hydrocarbons is usually performaad a
reversed-phase column with acetonitrile—water neopHases using ultraviolet-diode array detectidnl&,20,23].
Under these conditions separation is depends @mtieh of PAHs in column, which is proportional $ample
molecular weight, i.e. hydrophobicity [24]. Gradietution conditions of HPLC mobile phase are giieiiable 1.

Method Validation Parameters

Validation of analytical method plays a major raofe achieving consistent, reliable and accurate dhtang
analytical measurements. Various parameters hase dhefined [18, 25-28] for the validation of analgt methods,
which are described briefly in the following paraghs.

Selectivity/Specificity:

Specificityis the ability of an analytical method to differiet¢ and quantify the analytes in the presencettudro
compound in the sample. Specificity in liquid chidography is obtained by choosing optimal colummd setting
chromatographic conditions, such as mobile phaseposition, column temperature and detector wavéteng
Besides chromatographic separation, the sampleafatpn step can also be optimized for best seiec{il8, 25,
28]. Optimized specific HPLC conditions were follesvfor selectivity by analyses of blank sampleg-{gxtracted
water and sediment samples) in triplicates. Eaahkbsample tested for interference, and selectivity lower than
limit of detection (LOD). The specificity of the itied was determined by analyzing the sample salutantaining
all the sixteen PAH compounds. For this purpos@R®f one of the sample solutions was injected theeHPLC
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system and the specificity of the method was meakur terms of the resolution between the two pdeitention
times) without overlapping of the peaks (Table 2).

Table 2: HPLC performance parametersfor quantification of priority sixteen PAHs

Ret. Cal. Cal.

PAH Compounds time range ver. Regression Equation L'n%:z“ty LOD (ppb) LOS
(min)__(ppb) (%) ) (ppb)
Naphthalene 7.75 25-150 0.03 y = 26.54x + 56.33 99.9 0.12 041
Acenaphthylene 9.01 50-300 0.08 y =33.68x + 89.23 0.993 0.51 171
Acenaphthene 11.42 25-150 0.05 y =10.65x + 34.15 .9920 0.31 1.03
Fluorene 12.04 5-30 0.01 y = 25.00x + 57.20 0.994 120 0.41
Phenanthrene 1429 25-15 0.01 y =32.98x + 86.65 .9930 0.03 0.11
Anthracene 16.97 25-15 0.01 y =61.90x + 248.8 9D.9 0.02 0.06
Fluoranthene 19.66  5-30 0.01 y =14.00x + 29.60 99.9 0.01 0.03
Pyrene 2139 25-15 0.01 y = 6.255x + 13.98 0.995 .040 0.14
Benzo(a)Anthracene 25.15 25-15 0.01 y =15.46X.82 0.996 0.03 0.10
Chrysene 26.03 25-15 0.01 y =22.67x +46.30 0.996 0.02 0.06
Benzo(b)Fluoranthel 28.5¢  5-30 0.0z y =35.10x + 64.2 0.99¢ 0.0z 0.0t
Benzo(k)Fluoranthene 29.95 25-15 0.01 y =10.62009 0.996 0.04 0.14
Benzo(a)Pyrene 31.35 25-15 0.02 y =11.80x + 22.28 0.995 0.02 0.06
Benzo(g,h,i)Peryler 33.2¢  5-30 0.1z y =7.683x + 13.2 0.99¢ 0.0z 0.0¢
Dibenzo(a,h)Anthracene  34.78 5-30 0.01 y=11.136¥3 0.996 0.07 0.25
Indeno(1,2,3-Cd)Pyrene  35.84 25-15 0.01 y = 14:68%.60 0.995 0.04 0.14

Calibration Range and Linearity:

In this method, the five point calibration curveere prepared with different concentration levelsdifferent PAH
compounds (Table 2). The calibration range of thisthod is the interval from the upper to the lowarels
(including these levels) that have been demonstratebe determined with precision, accuracy anddiity. The
minimum specified range is 80 to 120 percent of &t concentration. Calibration curve of individiRAH
compounds function plausibly as linear, passesutifrathe origin, and is unaffected by the matrixtloé test
material. Linearity of an analytical method is atsility (within a given range) to obtain test résuhat are directly
proportional to the concentration (amount) of atealy the sample. Linearity is determined by aesedf five to six
injections of five or more standards whose conegioins span 80—120 percent of the expected comtrmtirange
[25]. The observed linearityRf) ranged between 0.991-0.996 for all the sixteeii RAMpounds, which is within
acceptable range [29]. Linearity and matrix effegtse tested by a plot of linear regression equoadiod standard
addition method for individual PAHs (Table 2). Adiar regression equation applied to the resultsldimave an
intercept not significantly different from zero. #ignificant nonzero intercept was obtained, whielmdnstrated
that this linearity has no effect on the accuracthe method.

Limit of determination and limit of quantification (LOD and LOQ):

To assess the sensitivity of the instrument thedien limits were calculated [25, 26, 28]. The (timf detection
(LOD) and limit of quantification (LOQ) were obtaid by processing the eight aliquots of a spikedpsarwith
smallest quantity of the standard materials to pceda valid quantifiable peak at signal to noig®ra3:1 (s/n >3)
for a 20 pL of injection. The LOD was calculatedpas the USEPA method. LOD was calculated as:

Limit of detection (LOD)=Std DeVv Xstgent

Where twgentis N-1 (degree of freedom and n is number of olagems) at 99% confidence level. The limit of
quantification (LOQ) was calculated for a valid gtibable peak at signal to noise ratio >10:1. TH@Q was
determined as:

LOQ=Std Dev X 10

The calculated LOD and LOQ ranged between 0.01-ppiland 0.03-1.71 ppb, respectively (Table-2).

Precision:

Precision is the closeness of agreement betweapémdient test results obtained under validateditionsl It is
usually specified as standard deviation or relasitamdard deviation. For single-laboratory validiatitwo sets of
repeatability conditions were tested (a) precisiaserved during a single run, and (b) precisioreokesi during
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run-to-run conditions. The observed standard diewviaduring single run of known standard ranged keetw0.01-
0.13 percent (Table 2). Repeatability test waseaiout for water and sediment replicate sampléyaisa(Table 3).
The standard deviation (SD) for water and sedintepeat analysis ranged between 0.03-0.07 and 0107-0

respectively and their relative standard deviatf®$D) (1.39-2.02 and 0.11-0.50, respectively) wess Ithan
acceptable limit of central value [26].

Table 3: Instrument repeatability for sixteen PAHs spiked water and sediment samples

Water (n=7) (ppb)  Sediment (n=8) (ppb)
PAH Compounds Mean SD RSD Mean SD__RSD
Naphthalene 195 0.03 155 2424 0.04 0.17
Acenaphthylene 394 007 173 5513 0.17 031
Acenaphthene 203 003 159 4959 0.0 021
Fluorene 3.86 0.07 170 2536 0.04 0.16
Phenanthren 1.9t 0.0z 16¢ 49z 0.01 0.2z
Anthracene 204 003 165 248 0.01 022
Fluoranthene 392 0.07 174 257 0.00 0.11
Pyrene 19t 0.0¢ 20z 492 0.01 0.2¢
Benzo(a)Anthracene 196 004 183 248 0.01 041
Chrysene 196 003 161 246 0.01 024

Benzo(b)Fluoranther 39 0.07 171 24¢ 0.0C 0.2C
Benzo(k)Fluoranthene 200 003 172 490 0.01 0.29
Benzo(a)Pyrene 200 0.04 199 248 0.01 0.25
Benzo(g,h,i)Perylen 39C 0.06 144 232/ 0.01 0.3t
Dibenzo(a,h)Anthracene 3.88 0.05 139 499 0.02 0.50
Indeno(1,2,3-Cd)Pyrene 194 0.03 149 486 0.01280.

Table 4: Recovery study data for priority 16PAHsin water and sediment sample (n=8)

Spiked Water (%) Sediment (%)

PAH compounds level (ppb) Range Mean SD Range Mean SD
Naphthalene 50 76-80 78 3.20 78-89 82 11
Acenaphthylene 100 82-101 89 3.86 91-101 95 5.22
Acenaphthene 50 79-102 85 5.83 92-101 96 4.36
Fluorene 10 93-104 98 3.84  93-100 96 3.88
Phenanthrene 5 82-101 95 6.36 92-101 95 4.60
Anthracene 5 83-102 96 6.60 92-101 94 6.03
Fluoranthene 10 91-101 99 3.18 90-101 96 4.55
Pyrene 5 90-101 97 3.18 93-101 96 4.58
Benzo(a)Anthracene 5 94-101 97 2.10 93-101 95 4.15
Chrysene 5 85-101 95 5.36  90-113 100 14.68
Benzo(b)Fluoranthene 10 95-101 98 2.23 94-101 96 64 4.
Benzo(k)Fluoranther 5 85-101 97 5.3¢ 92-10C 96 4.5C
Benzo(a)Pyrene 5 96-102 100 4.45 92-101 96 5.35
Benzo(g,h,i)Perylene 10 90-103 96 4.76 91-101 96 505.
Dibenzo(a,h)Anthrace! 10 90-12¢€ 97 12.27 9310t 104  11.0%
Indeno(1,2,3-Cd)Pyrene 5 83-101 94 7.24  91-100 96 .56 4
1-Fluoronaphthalene* 50 96-101 99 2.03 101-109 10€3.34

*surrogate standard

Accuracy or Recovery in terms of Trueness or Bias:

Accuracy of an analytical method is the closenésmoeement between the conventional true valuenaaccepted
reference value and the value found. Truenessasrwas determined by comparing the response ah#tieod to a
reference material with the known value assigneth&o material. In this study 1-fluoronaphthalenel &mown
concentrations of individual PAH compounds were&kesgiand analysed as real sample. The average rgcafvie-
fluoronaphthalene was 99% and 106%, respectivelydater and sediment matrix and assumed to be actiisy.
The recoveries of individual sixteen PAHSs variealfr78 (+2.23%) to 100 (+12.27%) and from 82 (+3.8884.00

(x14.68%), respectively for water and sediment oe$: The average percent recovery was calculaet uhe
following equation:
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Recovery (%) = (ConcentratigRenedConcentratiotpied X 100

Where, ConcentratigreneqiS the concentration observed in the samples aodcéhtratiog,ieq is the initial

concentration spiked to the sample. Obtained me#ipiking/recovery data for individual PAHs was mmeed in
detail in Table 4.

Measurement of PAHsin Water and Sediment

This method was used for extraction and determinatif sixteen priority PAHs in municipal drain watand
sediments from Delhi region. Observed concentratiohindividual and total 16PAHs were presented able 5.
The total 16PAHs concentration in water and sedtmeanged between 5.87-35.38¢ L™ and 921-1879%g kg*,
respectively. The frequently detected PAHs in watanples were fluorene, phenanthrene, anthraceamrithene,
pyrene, benzo[a]anthracene, chrysene, benzo[bldaifibene and benzo[k]fluoranthene. However, in seatime
samples, naphthalene, fluorene, phenanthrene, aettgafluoranthene, pyrene, benzo[a]anthracene seahey

benzo[b]fluoranthene, benzo[k]fluoranthene, benzg(eje, indeno[1,2,3-cd]pyrene, and benzo[g,h,i]leewy
detected in most of the sediment samples.

PAHs concentrations observed in municipal drainkewand sediments from Delhi were compared withréoent
measurements around the world including India. fhal concentrations of 16 PAHs in water sampldtected
from municipal drains were lower than those rembrter various surface water from India [30-31] aotther
countries [17,23,32-34]. In some other studies, tmmucentrations of PAHs were reported for watergamfrom
India [35-37] and other countries [14-15, 38-42dnCentrations in sediments were found to be lowan treported
by other workers from India [30,43-47] and world2[23,40,48-49]. However, lower concentrations hbeen
reported in other studies from India [30,50-51] &vidrld [14,42].

Table5: Concentrationsof priority sixteen PAH compoundsin municipal drain water and sediments

Water (ppb) Sediments (ppb)

PAH compounds Site-1 Site2 Site3 Site4 Site-5  Site-6  Site-1 te® _ Site-3  Site-4 _ Site-5__ Site-6
Naphthalene 113 BDL* BDL 534 035 BDL 148 390 19 BDL _ 41 1090
Acenaphhylene 18 38 BDL BDL 35¢ 66/ BDL 369 BDL BDL BDL 186
Acenaphthene BDL 905 BDL 734 BDL BDL BDL 1310 BDLBDL 92 1260
Fluorene 060 125 120 505 106 218 146 280 BDL50 105 310
Phenanthrene 080 048 108 105 126 069 319 125008 360 346 990
Anthracene 018 017 063 090 071 051 71 340 1960 91 280
Fluoranthene 075 BDL 1.08 256 BDL 047 419 1060 562 400 777 1000
Pyrene BDL BDL 059 038 101 BDL 277 1290 72 500 609 920
Benzo(a)Anthracene BDL BDL 0.75 0.91 0.50 0.35 167 680 152 110 855 290
Chrysene 021 541 BDL 013 BDL 013 114 420 102 80772 160

Benzo(b)Fluoranthene 0.31 0.25 BDL 0.59 BDL 0.23 913 411 100 90 1618 110
Benzo(k)Fluoranthene 341 3.97 0.55 3.38 BDL 1.66 91 2 1240 BDL 30 1301 110

Benzo(a)Pyrene BDL BDL BDL 1.39 0.30 0.45 114 940 7 4 80 1294 60
Benzo(g,h,i)Perylene BDL 1.47 BDL 6.30 BDL 231 524 2790 BDL 70 7455 250
Dibenzo(a,h)Anthracene  BDL BDL BDL BDL BDL BDL 230 2840 BDL BDL 1840 220
Indeno(1,2,3-Cd)Pyrene  BDL BDL BDL BDL BDL BDL 220 390 45 50 1248 110
Total 16PAHs 924 2588 587 3532 17.85 1562 3900 19321 920 1880 18795 9020

*BDL-Below detection limit
CONCLUSION

A validated HPLC method has been developed forettteaction and determination of priority sixteenygegclic
aromatic hydrocarbons in waste water and sedimémshod described in this paper has shown the toaly
precision, accuracy, sensitivity and selectivity floe determination of sixteen polycyclic aromdtjdrocarbons in
waste water and sediments. The developed methedsuaessfully applied to the quantitative analgsisixteen
polycyclic aromatic hydrocarbons in the waste watat sediments.
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