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ABSTRACT

This study was carried out to determine elevenrityigohenolic compounds in soils from rural-urbanea in
northern Uttar Pradesh, India. Further, a probabtic approach was used to determine the human aabbgical
health effects based on the concentrations of gdleenompounds in soils. The task of determinatiovoived the
use of ultrasonication and manual shaking extratttechnique and high performance liquid chromatq@ira
(HPLC) equipped with diode array detector (DAD) fgantification. The Concentration of total elevemepolic
compounds ranged between BDL-7.08 migwith a mean value of 1.92 mgk@0.35 mg kg). The average daily
dose for lifetime exposure through soil for adultsd children was 3.0x10mg kg* d* and 1.1x16 mg kg* d*,
respectively. A non-cancer health hazard in terfithe hazard index (HI) due to phenolic compourdsiugh soil
ingestion was 2.6x1tand 9.7x1d for human adults and children, respectively. Theesbed concentration levels
of phenolic compounds in soils were lower thanuéifed guideline values for the protection of eamimental and
human health. Health hazard was much lower thateptable safe risk level (H1). Therefore, it can conclude
that concentrations of eleven priority phenolic gmuands in soil and their hazardous effects to hupapulation
were low.
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INTRODUCTION

Phenols and phenolic compounds are of environmeamatern due to their toxicity and being as ubimust
contaminants in the environment. The presence ehglic compounds in soils is due to different searincluding
industrial activities of chemical, textile, pharneatical, polymers, pulp and paper, woods, plagtisizpesticide,
and metallurgic industries or by the release ofigtdal effluents and domestic sewage [1-2]. Somenpls in the
soils originate from the transformation of pestés such as 2.4-dichlorophenoxyacetic acid (2.44Bphloro-2-
methylphenoxyacetic acid (MCPA), 2,4,5-trichlorogploxyacetic acid (2,4,5-T), 2-buthyl-4,6-dinitroploé
(dinoseb), and phenolic biocides like pentachloesuh (PCP) and from atmospheric depositions [3]rédwer,
nitrophenols and methylphenol sources have beaterkko vehicular emissions [4]. Phenols may ocaiurally
via biodegradation of humic products, for examplaits and lignins [5].

Some phenolic compounds exhibit high toxicity, ngetasicity and carcinogenicity, endocrine disruptersd
vasodilatory activities [4,6]. Their Phenol toxicitnay be related to the formation of electrophitietabolites that
may bind and damage DNA or enzymes. The most studieenolic compounds; depending on their physical-
chemical properties are chlorophenols, nitrophemokthylphenols, alkylphenols and bisphenols [Tie Telatively
high stability of some of these compounds is resjtba for their long term persistence in the sbierefore, some
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phenols like chlorophenols and nitrophenols, du¢h®r high toxicity, poor degradability and beipgtentially
carcinogenic, have been classified as priority ygatts (Table 1) by World Health Organization (WH[Q]),

European Community [8], Environment Agency, Unitéidgdom [9] and United States environmental praotect
agency (USEPA) [10].

Human exposure to organic pollutants occurs mathipugh occupational exposure and dietary intake of
contaminated water and food [11], but a signifioaxpiosure may also take place by intake of contat@thsoil via
ingestion, inhalation or dermal contactHuman exposure to organic pollutants in soilesaflace through various
pathways due to close proximity of soils to humamsich may cause toxicological effects on humarithe&oils

are good adsorbents of the phenolic contaminarggaltheir high surface area and surface activity glay a very
important role in their fate and distribution inetlenvironment. Soils may act as re-emission souf@eshe
pollutants through volatilization, degradation dedching [12]. Therefore, soil could be considenmedany risk
assessmentavolving potentially harmful toxic organic pollutts [13].

Table 1: Selected propertiesof priority phenolic compounds[6]

Melting Boiling Solubility

Compounds CASNo M ?I?Lqr;‘;& point point pKa ||<‘ ggv (g/L at20
¢ (o) (0) ")

Phenol 108-95-2 94.11 40.8 181.8 10.0 146 83
4-nitrophenol 93951-79-2 139.11 110-115 279 7.08 042. 11.6
2,4-dinitrophenol 51-28-5 184.11 114-115 113 3.94 671 5.45
2-nitrophenol 88-75-5 139.11 43-45 2155 723 189 250
2-chlorophenol 95-57-8 128.55 7 174 8.56 2.15 28.5
2,4-dimethylphenol 105-67-9 122.16 25 211 - -
2-methyl-4,6-dinitrophenol 534-52-1 198.14 82-85 231 10.58 2.30 0.05
4-chlorc-3-methylphenc 59-50-7 142.5¢ 63-65 23E-23¢ 9.€ 3.1C 4
2,4-dichlorophenol 120-83-2 163 40-43 209-211 7.85.06 4.5
2,4,6-trichlorophenol 88-06-2 197.44 65-68 244-246 69 6.15 3.69
pentachlorophen 87-86-5 266.3¢ 19C-191 30¢-31C 4.1 5.12 0.01

The aim of this study was to assess the distributibeleven priority phenolic compounds in soileaith hazard
due to ingestion of studied soils was also estichéde human adults and children. For this purpege estimated
lifetime average daily dose (LADD) of 11phenolicvgmounds through soil ingestion [14]. LADD is theamt of a
chemical intake by a person per kg of body weight ¢iay which may indicate the adverse health effedten
absorbed into the body over a long period of tifiteen, potential health hazard for human populatvas assessed
in terms of hazard quotient (HQ) [14]. Hazard is firoperties of pollutant or mixture of pollutatisit makes its
capable of causing adverse health effects to huwnaricroorganisms or the environment.

MATERIALSAND METHODS

Study Area and Sampling

The sampling locations were in border districtsgjBast, Gaziabad, Gautam Budh Nagar) of NorthernrBtadesh
in National Capital Region (NCR), India. Utter Peatl shares a large area of 10,853 ikrNCR (33,578 krf) with
Delhi (1,483 krf), Haryana (13,413 kfj and Rajasthan (7,829 Kn Area is a dynamic mixture of rural-urban
settlement and characterized by the presence ddgcally sensitive areas like forests, wild liférd sanctuaries,
Rivers (Yamuna and Hindon) and fertile cultivatadd [15]. There are several types of ongoing inthlsictivities
including manufacturing of electroplating, elecimrceramic, textiles, food products, rubber arabspt, vegetable
oil, paints, chemicals, agro-chemicals, automob#é=el, metal recycling, pharmaceuticals, andlidist.

Area experiences a typical version of the humidtsapical climate with hot and long summers (ea&pyil to mid-
October) and the monsoon season in between. Wipteon starts in late November, peaks in Januarysarery
often surrounded by heavy fog. Ambient temperatiinéng summers and winters ranges between 2%G4&nd 4-

25 °C -respectively. Wind direction changes in early Marfilom north-western to south-western. The average
annual rainfall in the region varies greatly fromlaw as 300 mm in the western parts to about 860imthe
central and north-eastern parts, most of whicls fédiring the monsoon season [15].

Twenty five soil samples of different landuse patteollected during February 2014 from urban-rloahtions in
Baghpat, Ghaziabad and Gautam Budha Nagar diswoictdttar Pradesh. Approximately, 1/2 kg of soil sva
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collected from each sampling location. After cdlies, unwanted materials weremoved manually. The soil
collected from sampling points at each location wised thoroughly to ensure the true representatareples of

that location. A sufficient quantity of mixed seihs taken into a clean wide mouth amber glass idifi@d bottles.

The collected samples were transported to the #bior and stored in refrigerator at 2@ until extraction and
analysis.

Chemicals, Solvents and Standards

Solvents (dichloromethane and methanol), chemigsdsgium sulphate, sulfuric acid, awdtho-phosphoric acid)
and water procured from Rankam, India. All solveatsl water was of HPLC grade and chemicals were of
analytical grade. Individual eleven priority phenolphenol, 2-chlorophenol, 2,4-dichlorophenol, @4,
trichlorophenol, pentachlorophenol, 2-nitrophendtnitrophenol, 2,4-dinitrophenol, 2-methyl-4,6-diophenol,
2,4-dimethylphenol, 4-chloro-3-methylphenol) andAEPhenol mixture standard solutions were procunemnf
Supelco (Bellefonte, PA, USA). After dilution of @hstock standard solution, an intermediate mixechdstrd
solution was prepared. Intermediate and workingdsied solutions were prepared in methanol and dtard°C in

the dark.

I nstrumentation

Glassware involved in the method was cleaned watiergent followed by deionised water and finallg #olvents
were rinsed and dried in hot air oven. LLE (liquimlaid extraction) technique using separating funfi¢) was
followed for phenolic compound extraction from watéacuum rotary evaporator (Eyela, Tokyo, Jap&oypovap
(Caliper, USA) and Minivap (Supelco, USA) were uded extract concentrations. HPLC system (Serie8011
Agilent Technology Inc., Santa Clara, CA, USA) we®d in combination along with a quaternary solkstivery
system and a vacuum degasser unit, auto samplamie oven, and DAD (diode array detectderZ80 nm) for
the chromatographic analysis.

Sample Extraction

Air dried soils were smoothly grinded and were mewpass through 1mm sieve and stored in glasslbatt dark.
20-25 g of sample was extracted three times witktuné of 0.1M NaOH in methanol (75 ml) using ultvag bath
for 30 min and was allowed to settle [16]. Extractayer was filtered through Whatman 41 filter praped then
transferred to a separatory funnel with adjusted(pH <2) with-slow addition of sulfuric acid (1:1v/v). Then
sample was three times extracted with 50 ml of Ididmethane for 2 min each. The organic phase veasqu
through anhydrous sodium sulphate to remove tratester contents and the extracts were concedttateear 5
ml by vacuum rotary evaporator (Eyela, Tokyo, JapBmrtract solvent was exchanged to methanol byattdition
of 50 ml methanol, and again concentrated to neanl5 Meticulous care was taken to remove traces of
dichloromethane. The concentrated extract volume reduced to 1.0 ml under gentle stream of purifidbgen
gas using Turbo Vap (Caliper, USA) and Minivap (8lep, USA).

I dentification and quantification of phenolics

The chromatographic identification and quantificatiof eleven phenolic compounds was performed ukigh
performance liquid chromatograph (HPLC) (Series 0118gilent Technology Inc., Santa Clara, CA, USA),
equipped with a vacuum degasser (Agilent, G137@@pternary pump (Agilent, G1311A), diode array dtte
(Agilent, G1315B) and an autosampler (Agilent, GABR Sample extract of 10 pL was separated on a C18
reversed-phase analytical column (4.6 mm x 250 Bpm particles) (Ascentis®, Supelco, USA). Before gtiedl
column, a guard column (4.6 mm x 12.5 mmurd particles) was used to prevenat-amgntamination into the
column. Methanol (0.15%-phosphoric acid) and water (0.1584phosphoric acid) was used as mobile phase with
gradient flow @ 0.7 ml/min. Peaks were determirnte2i8® nm for all phenolic compounds. The columngerature
was controlled at 28l °C. The Chemstation software (Agilent, Rev. B.02.04s used to control the
chromatographic conditions and data acquisition.

Analytical Quality Control

Requisite quality control/assurance (QC/QA) analygis performed during analysis of soil sampledividual and
mixture solutions of eleven priority phenols ceetif reference standard solutions were used foritguabntrol
analysis. Five levels of calibration working startlasolutions for each compound were prepared and
chromatographed by injecting 1Q. A calibration curve for eleven phenolic compoaneas prepared separately by
plotting peak area (y-axis) versus concentratioaxis). All curves were constructed using the exdéistandard
method by injecting active amount of the five lepllenolic compound concentrations as a functiopeatk area
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using linear fit. Method blanks in triplicate wgrecessed as real samples to check any cross doatans or loss
of the analytes. Calibration standard solutionsewmepared at the time of instrument calibratiothveivery batch
of analysis. The calibration curves followed theeBg law in the investigation range of phenolic q@mund.
Measurements were repeated three times for eachlesamd the results were averaged and expressbdegpect
to the average result for the method blank (coma&noh, <DL “BDL").

The peak identification of the analytes was donetl accurate retention time of each individuahdead.
Calibration was verified by analyzing the middlevdk calibration standard and the relative percdffergnce
between expected concentration and obtained respoitem the five-point calibrations (<1%). The Linaf
detection (LOD) and limit of quantification (LOQ)enre obtained by processing the eight aliquots spied
sample with smallest quantity of the standard niteto produce a valid quantifiable peak at sigoahoise ratio
>3:1 (s/n >3) for a 10 pL of injection. The LOD abh@®Q were calculated as per the standard guide[it<8].
LOD was calculated as:

Limit of detection (LOD) = SD Xslugent
The limit of quantification (LOQ) was calculatedsagnal to noise ratio >10:1 as:
Limit of quantification (LOQ) = SD x 10

Where, SD is the standard deviation of responsereplicate analysis angteniS N-1 (degree of freedom and n is
number of observations) at 99% confidence levek TOD ranged between 0.11-0.61 pug/ml while LOQ egri
between 0.37-2.04 pug/ml. The observed values of M@Pe three units lower than LOQ which shows thi t
method is sensitive for the determination of phenebmpounds in water samples. Accuracy of an dicaly
method is the closeness of agreement between theegtional true value or an accepted referenceevahd the
value found. Trueness or bias in terms of accuracgiery was determined through the percent regowéh
addition of the standard solution to the sampleiplicates. The average percent recovery was takd using the
following equation:

Recovery (%) = (observeghcentratiod/ SPik€Goncentratiod X 100

Where observedncentration IS the concentration observed in the samples agrilledoncentration IS the initial
concentration spiked to the sample. The averagevesies ranged between 50%-95% (+1%-6%), exceptxB98%o
for phenol. Retention times, detection limits andaveries were presented in Table 2. Moisture comtesoils was
determined separately to report data on dry welgisis. The results of the analysis are reportemgnkg" dry-

weight (dry wt.) basis.

Table2: RT, calibration verification, detection limits and recoveries of phenolics

RT LOD LOQ Recovery

Compounds (Min) (ug/ml) (ug/m) (%)

Phenol 18.60 0.18 0.61 308
4-nitrophenol 21.85 0.61 2.04 604
2,4-dinitrophenol 23.45 0.33 1.09 715
2-nitrophenol 24.14 0.11 0.37 50+3
2-chlorophenol 24.47 0.11 0.3¢ 514
2,4-dimethylphenol 27.52 0.11 0.38 515

2-methyl-4,6-dinitrophenol 28.60 0.54 1.81 725
4-chloro-3-methylphenol  29.19 0.57 1.89 705

2,4-dichlorophenol 30.46 0.32 1.08 70+1
2,4 6-trichlorophenol 33.64 0.3¢ 1.2¢ 734
Pentachlorophenol 38.63 0.60 1.98 95+ 6

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

Phenolic compound concentratiqrg(g or mg/kg) = (AxB/C)
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Where:

A" = Concentration of analyte obtained from instrutr(gn)
B = Final extract volume (ml)

C = Initial sample volume taken (g)

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

Human Health Hazard Assessment

In this study, ingestion of soils contaminated witlenolic compounds was considered as the mainvpgthf life-
long intake for health risk assessment. Human axeo® phenolic compounds and the consequent heslithivas
estimated by using recommended guidelines. Inghidy, we calculated the lifetime average dailyed{isADD)
and non cancer risk as hazard quotient (HQ) [14, H8zard quotient (HQ) for humans was assessead fie
estimated lifetime average daily dose (LADD) of pblic compounds. Health hazard quotient (HQ) wadsutated
by comparing the estimated average daily dose @fintividual compound with the reference dose (RfD)].
Reference Dose (RfD) derived by USEPA for oral expe to a chemical, is an estimate of daily orglosxre to
the human population that does not show any apgrkcinon-cancer effects during lifetime. Where, id@nown
as the magnitude of quantifiable potential for depmg non-carcinogenic health effects after avedagxposure
period. Total potential for non-cancer risk to hunsids the sum of HQ values. This total HQ is refdrto as the
Hazard Index (HI). It has been suggested th&t(Jfis equal to or less than orgl] indicates no appreciable health
hazard. Hazard index (HI}HQs) value of less than ongl) suggests no health hazard either from any ctemic
alone or in combination with others. The equatiosesd for estimating LADD and HQ were as follows:

LADD (mg kg* day*) = (Cs x IR x F x EF x ED)/(BW x AT) [1]
Hazard Quotient (HQ) = LADD/RfD [2]
Hazard Index (HI) ZHQ [3]

Where, Cs is concentration of pollutant in the émi§) kg"), IR is the soil ingestion rate (100 mg dapr adult and
200 mg day for children), F is the unit conversion factor, BFexposure frequency (365 days/year), ED isifae |
time exposure duration (70 years and 12 yearsdolt@and children, respectively), BW is the bodsight (70 kg
and 27 kg for adults and children, respectivelgy AT is the averaging time for carcinogens (EFx days). RfD
is and reference dose for individual phenolic commb(mg/kg/day) [20].

RESULTSAND DISCUSSION

Concentration of Phenolic Compoundsin Soils

Concentrations of individual and total eleven ptiophenolic compounds in soils from Northern UtRrmadesh,
India are summarized in Table 3. Their total coti@ions at eleven sampling locations were depigteeigure 1.
Concentration of total phenolics ranged between B8 mg kg with the mean and median value of 1.92 mg kg
and 1.56 mg kg (+0.35 mg kd), respectively. Generally, the contamination wasnfl to be heterogeneous, with
observed concentrations ranging from below detediimit (BDL) to 2.72 mg kg. Concentrations of individual
eleven phenolic compounds ranged BDL-0.60 mg, BDL-2.72 mg kg, BDL-0.26 mg kg, BDL-0.89 mg kg,
BDL-1.74 mg kg', BDL-0.22 mg kg, BDL-0.24 mg kg and BDL-2.67 mg kg, respectively for phenol, 4-
nitrophenol, 2,4-dinitrophenol, 2-chlorophenol, iaphenol, 2,4-dimethylphenol, 2-methyl-4,6-diopphenol and
pentachlorophenol. Concentrations of 4-chloro-3hylghenol, 2,4-dichlorophenol and 2,4,6-trichlorepbl were
BDL at all the sampling locations. The observedoemrations of 4-nitrophenol (1.42 mgRgvas comparatively
higher than 2-nitrophenol (1.04 mgRg pentachlorophenol (1.00 mgKg and other (<0.5 mg K. The major
contributors were 4-nitrophenol, pentachloropheBatjtrophenol, 2-chlorophenol and phenol whichcagtded for
32.69%, 26.98%, 21.53%, 10.34% and 6.58%, respdgtto total phenolics concentration in soils (TeaB). Other
compounds (2,4-dinitrophenol, 2,4-dimethylphenotmethyl-4,6-dinitrophenol, 4-chloro-3-methylphend,4-
dichlorophenol and 2,4,6-trichlorophenol) contrigmlifor <1% each to total phenolics.
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Table 3: Statistical summary of phenolics concentrationsin soils

Name of compounds Range Mean Med SD SE % of total
Phenol BDL-0.60 040 0.38 0.14 0.03 6.58
4-nitrophenol BDL-2.72 142 112 055 0.11 32.69
2,4-dinitrophenol BDL-0.26 0.16 0.19 0.12 0.02 99.
2-chlorophenol BDL-0.89 0.26 0.18 0.24 0.05 10.34
2-nitrophenol BDL-1.74 104 114 056 0.11 21.53
2,4-dimethylphenc BDL-0.2z 0.1¢ 0.17 0.07 0.01 0.97

2-methyl-4,6-dinitrophenol BDL-0.24 0.20 0.20 9.00.01 0.84
4-chloro-3-methylphenol BDL

2,4-dichlorophenc BDL
2,4,6-trichlorophenol BDL
Pentachlorophenol BDL - 2.67 1.00 064 0.77 0.15 .96

Total phenolic compounds BDL-7.08 1.92 156 1.76.35 100

Human Health Hazard of Phenolic Compounds

Health risk assessment was based on assumptiorhtin@n adults and children may be exposed to piwenol
compounds through ingestion of soil. For this stuldyman health risk assessment was on the assumtpéb
human adults of 70 years and children of 12 yegpesed for all the days in a year during their §fean. Health
risk was assessed by calculating the life time ayemdaily dose (LADD) and hazardous quoteint (HE3timated

LADD of total eleven priority phenolic compounds ftuman adults and children is presented in TaldediFigure
2.

8.0 1

6.0 -
5.0 1

4.0 1

2.0 1 3

1.0 1 1 ™
0.0

1 2 3 45 6 7 8 9101112131415 16 17 18 19 20 21 22 23 24 25

Concentration (mg/kg)

Samplinglocations

Fig. 1: Distribution of total phenolicsin soils at different locations

Table4: LADD & health hazard index (HI) for human adultsand children dueto total eleven phenolicsthrough soils

For human adults For children
LADD (mg/kg/d) HI LADD (mg/kg/d) HI
1.4x10"-1.1x10° 2.6x10°- 1.0x10° 5.1x10’- 4.0x10° 9.6x10°- 3.8x10°
(3.0x10°) (2.6x10% (1.1x10°) (9.7x10%

The LADD of eleven priority phenolic compounds thgh soil for adults and children ranged betweex04 -
1.1x10° mg kg* d* and 5.1x10 - 4.0x10° mg kg* d*, respectively with the mean value of 3.0%10g kg* d* and
1.1x10° mg kg* d*, respectively. There were significant variationd ADD concentrations for adults and children
at different sampling locations, which may be iefieed by the phenolic sources (Figure 2). Subséguen the
basis of LADD, the non-cancer health hazard, theatthquotient (HQ) due to phenolic compounds thhosgil
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ingestion ranged from 2.6xPGo 1.0x10® and from 9.6x10 to 3.8x10° with their mean values of 2.6xt@&nd
9.7x10* for human adults and children, respectively (TableFigure 2). Therefore, this study bring us to the
conclusion that health hazard due to eleven pyiptienolic compounds for human population in stddiegion of
India is much lower than acceptable safe risk |¢Mét1). For lack of data about phenolic compounds expmsve
cannot give precise total daily intake. Howevegoading to our results from ingestion of soil, wanconclude that
the daily dose of phenolic compounds and non-carnskito human adults and children residing in Nerh Uttar
Pradesh, India is low.

ALADD-Adults ®LADD-Children AHQ-Adults OHQ-Children
1.0E-2
0o o o
1.0E-3 - AOOAAOO 0 o OO
Q
T A A
3 ad bafa Ta o, 226500
T 10E4 { & o) Oo
g ° ° A A4 Aaba
£ o0 ° ° [ N
S 10e5]{ @A @ AV g"0® o © °
a AA ®Lr40° °
A A,
S A 4 A A A A A
AA A
1.0E-6 - °
[ ] () o0
A AA
1.0E-7 4 A
012 345678 91011121314151617 1819 202122232425
Samplinglocations

Fig. 2. LADD & HlI for children dueto total phenolicsthrough soils at different locations

Environmental health Risk of Phenolic Compounds

Environmental health risk assessment was carriethyptaking non-carcinogenic effects of phenolicnpmunds on
human and ecological functioning of soil microorgams into considerations. No environmental guidediget have
been established in India for phenolic compoundssail, therefore, established soil quality guidetinfrom
Canadian government [21] were applied for the @ssent of ecotoxicological health effect of phenalicnpounds.
Canadian government recommended environmental spiblity guidelines (SQGs) for phenol and
pentachlorophenol as 3.8 mg’kgnd 7.6 mg kg, respectively. The levels of phenolic compoundscentrations
observed from this study were much lower than ds@mmended guidelines and indicated no environrhbatdth
risk and adverse effects on the soil biota.

CONCLUSION

Phenolic compounds concentrations in soils wereetothhan the soil guideline limits for the protectiof
environmental and human health. Non-cancer risteims of health hazard index (HI) was lower thaceatable
guideline values, which suggested low risk for haradults and children in this area of study.
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