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ABSTRACT

In the past few decades there has been increasingecn about the exposure and impacts of chemaralsumans
and environmental organisms in the society. Wassel drilling fluids (WBMs) are the most common in
exploratory and development drilling; they contaadditives that can be extremely toxic, even in low
concentrations. The discharge of drilling wastesqm the greatest risk of bioaccumulation and toxim the
marine organisms such as fish of ecological and roensial value (which are subsequently consumedhiy t
humans). Hence, the purpose of the present inatistigwas to evaluate the toxicological impacteivironment
due to offshore drilling activities. The presenidst deals with determination of PAH concentrationgomposite
samples of WBM, and drill cuttings, which were aied from three different wells in the Kaveri-GodaKG)
Basin, East coast of India and the ecological tixiprediction of these chemicals to the aquationpwunity. In
both WBMs and drill cuttings, concentration of n#piene was in highest concentration, while ber@opfrene
was lowest. The WBMs contained significantly (P&p.@igher PAH concentration than drill cuttings. &h
individual PAH concentration significantly (P<0.0ihcreased with increasing depth in each well. EGAS
“estimation methods” can be used to fill data gapkere little or no experimental measured data sxiSte
toxicity of the PAHs (EC50/LC50) to fish, greenaagdaphnid and mysid estimated can be used tagbrecticity

to a general aquatic community. Monitoring of artyemical inputs from offshore exploration and oil gas
development in the offshore regions is importanbéable to distinguish thé&Environmental Baseliréfrom
potential future impacts.
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INTRODUCTION

In the past few decades there has been increasimgein about the exposure and impacts of chemicaltumans
and environmental organisms in the society. Thislbd to the implementation of stringent chemidadgslation in
many industrialized countries and initiation of aficlus risk assessment and management programmeb. &
realization, coupled with increasing awarenessrtional welfare concerns, has prompted the developraad
application of various (computer-based) estimatr@ithods in the regulatory assessment of chemithl&\iongst
the available options for environmental cleanuphi®logies based on biological remediation havergeteas low-
cost, low-maintenance, environment-friendly, andesgable technologies for potential situ remediation of
organic and inorganic contaminants. However, theme certain limitations in biological species usedthese
technologies and it is desirable to know in thetfinstance whether a contaminant would need reahadiion, and
whether a biological process would be suitable reakdown or remove it from the environment. Thisvisere
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computational models based on structure-activitstignship can provide a quick assessment to stjEmision
making. The (Q)SAR models and expert systems chmnpniritize contaminants on the basis of potdrbaicities,

and inform on their likely behavior and fate in #@vironment. This information is in turn helpful the choice of
appropriate remediation technologies, as well aislémtifying the recalcitrant chemicals that canrbenitored as
markers for the success of remediation action [2].

While a large body of information is available dw tenvironmental effects of chemicals, we know mesk about
their ecological effects. An understanding of ttedtexicity of chemicals is therefore essential i€ vare to
accurately assess the environmental risks of sgintt@hemicals [3]. The fundamental hypothesis behan
guantitative structure-activity relationship (QSARpdel is that a chosen propergyd.toxicity) can be described in
relation to a chemical, which at the same timeeiscdbed using certain parameters. An approacte ¢QSAR is
the so-called structure-activity relationship (SARddel. These models express the relationship leetvaecertain
chemical propertyd.g.fragment) and the effece (g. carcinogenicity) in a qualitative way (carcinogemnic non-
carcinogenic), without assigning a continuous niucagwvalue to the toxicity, such as a specific ditative dose,
which can have a wide range of values. In the figldaquatic toxicology, QSARs have been developgd
alternative tools for predicting the toxicity of exnicals, when little or even no empirical data axailable.
Elaboration of SARs (structure-activity relatiorgs)i or some other computational toxicity predictimodels is
primarily based on experimentally measured toxfea$ of chemicals. Therefore, there is a diretdti@nship
between the amount and quality of available infdromaon toxicity of different chemicals towards feifent test
species and adequacy of the models. The majoritgxa€ity data for chemicals available for standéneshwater
test organisms have been generated using stangtranedia; as a result, the information concerminxigity of
chemicals in natural waters is limited. Environnadigtirrelevant conditions in standard toxicity teseduce their
predictive power for environmental risk assessméhé application of predictive QSARs has the apiiit not only
provide a high level of protection of human healtid the environment, but also can reduce animéhteto a
minimum for the assessment of the hazardous pliepest substances. Thus, expectations towardsro studies
and QSARs (quantitative structure-activity relasibip) are very high. EPA/OPPT [U.S. EPA’s OfficeRidllution
Prevention and Toxics (OPPT)] has developed a strgéevel model ECOSAR. If no measured or analag dre
available, screening level models such as the EGOBWy be used to predict toxicity values that carubed to
indicate which chemicals may need further testingharacterization. The information generated bl available
to industry and other stakeholders. The use of suntlels in the early stages of research and dew&opor prior
to submission of notifications to the Agency, widisult in safer chemicals entering commerce andgentean
unreasonable risk to human health or the envirohmen

Drill cuttings and drilling fluids are the majorsgiharges associated with exploratory and developdréling [4].
Drilling fluids (drilling muds) are used to remoweittings from the hole, prevent blowouts by cotingl back
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pressure, and maintain the integrity of the hol@domit the installation of a casing, and to coudl dubricate the
drill bit. The three major types of drilling fluidsre: water based mud (WBM) where the fluid phaseater, oil-
based mud (OBM) where the fluid phase is oil, ayntteetic-based mud (SBM) where the fluid phase sgrathetic
base compound such as an ester [5]. Water-basédgdfiuids (WBFs) are the most common and oftemtain a
variety of chemicals, which are formulated as regpiifrom a generally limited list of additives. bstigations have
shown a significant impact of drill cutting piles the benthic environment within close proximityp(0 m) to the
drilling platforms [6,7]. Some comparative studissowed that WBF do not always meet strict ecoldgica
requirements [8,9]. The comprehensive studies lin[Ra] and Wills[9] point outs that despite movesincrease
reinjection and shipment ashore for disposal, up(% of drilling wastes and chemicals still entee sea in one
way or another. The PAHs are the organic compowaasetimes present in used WBM (Water Based Dirilling
Muds) and associated drill cuttings that pose theatgst risk of bioaccumulation and toxicity the marine
organisms such as fishes[11]. The rapid growthffshore oil and gas exploration and production loa ¢astern
Indian continental shelf has generated the needdtin general and region specific scientific infatron on the
environmental consequences of drilling activitiesindia, WBMs are currently used in the KG Bad#fiock 98/4,
which has an area of approx. 9,940%knith Bathymetry ranging from 800-3100 m along st Coast of India
(Fig. 1). Generally, the WBMs are synthesized iohsa way so as to avoid inclusion of aromatic hgdrbons
however; crude oil may contaminate the mud as alihe drill cuttings, introducing them when dniffithrough
hydrocarbon bearing formations[12]. The dischari@ritling wastes poses the greatest risk of bioawalation and
toxicity to the marine organisms such as fish of ecologindlcommercial value (which are subsequently corsum
by the humans). Hence, the purpose of the preseastigation was to evaluate the impacts in aquatisGronment
due to offshore drilling activities. The presenidst deals with determination of PAH concentratiomgomposite
samples of WBM, and drill cuttings, which were abéal from three different drilling depths viz. sacé (150
meters), middle (300 meters) and bottom (600 metarshree wells in the Kaveri-Godavari (KG) BasBlock
98/4, East coast of India and predicting the edoldgoxicity of these chemicals to the aquatic cwmity by
applying USEPA’s ECOSAR.
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Figure 1: Study Area
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EXPERIMENTAL SECTION

Use of ECOSAR for predicting the aquatic toxicity & PAHs

The toxicity of the PAHSEC50/LC50) tofish, green algae, daphnid and mysidre calculated using the ECOSAR
model — a computerized predictive system used byuthited States Environmental Protection Agency &F3\,
1994) [13] to estimate the aquatic toxicity of isthial chemicals. The ECOSAR model uses Structurgvity
Relationships (SARs) for the prediction of the agu#oxicity of untested chemicals based on théiuctural
similarity to chemicals for which aquatic toxicithata are available [14]. The SARs in the ECOSAR ehedpress
correlations between the physico— chemical propeidind aquatic toxicity of a compound within sgeathemical
classes. ECOSAR version 1.1 (2011) was used inutrent study (Table 1).

Table 1. Ecotoxicity predictions of the chemicalspECOSAR

Water Fish (SW) Daphnid Mysid
PAH's K':)‘;E’* Solubility 96hr LC50 48hr LC50 Green A'%?}Z ;I’)G'hr EC50 96-hr LC50
(mg/l) (mg/l) (mg/l) (mg/l)
Naphthalene 3.169 31 11.9 5.919 5.789 4.006
Fluorene 4.016 1.69 2.694 1.439 1.538 0.511
Phenanthrene 4.345 1.15 1.464 0.804 0.890 0.222
Fluoranthene 4.933 0.26 0.494 0.285 0.336 0.050
Chrysene 5.521 0.002 0.166 0.10% 0.126 0.01f
Benzo(a)pyrene  6.109 0.00162 0.085 0.038 0.046 0.003

*EPISUITE Kowwin v1.68 Estimate ECOSAR
&= Chemical may not be soluble enough to meastseptiedicted effect. If the effect level exceedsatater solubility by 10X, typically no
effects at saturation (NES) are reported.

Phenanthrene Fluorene Fluoranthene
Scheme 13D View of selected PAHs*
*Note: Structures drawn by Chemsketch (ACD labsier11.0)

Drilling Mud and Cutting Samples

The drill mud & associated cuttings used in thigdgtwere obtained from three wells at three diffiémdepths viz.
surface (150 meters), middle (300 meters) and bof@00 meters) on the east coast of India. Thredcete
composite samples were collected and were reftiggrat 4C and protected from light. Table 2 gives the
composition of Water based Mud used for drillingaideep-water wells in this region.

The drill mud samples (250 ml each) were subjetrditjuid-liquid extraction, whereas the drill aaty samples (29
each) were subjected to soxhlet extraction andaith the cases, methylene chloride (Dichlorometh&nem)
(HPLC grade, E. Merck, Germany) was used as theesbl The extracts were cleaned up in a silicacgklimn, and
then concentrated to 1 ml over a Kuderna Danistp@nating apparatus, on a boiling (10D water bath. The
polycyclic aromatic hydrocarbons (PAH) analyses evperformed using Gas chromatography (Agilent 5973N
USA) coupled to a Mass selective Detector (GC/M@&gthod 6410B, Standard Methods, APHA, AWWA, WEF,
2001). A duplicate, certified reference materiad aperational blank was routinely performed witktehatch of 10
samples. Six parent PAHs (Naphthalene, Fluorenendthrene, Fluoranthene, Chrysene and Benzo (ahey
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were quantified (Scheme 1). The standards wereir@atarom M/s Acros Organics Ltd., Belgium. The P#\H
structures were drawn by Chem Sketch Version EHvéilable from ACD labs (Scheme 1).

Table 2. Composition of Water Based Mud used for diing ultra deep-water wells in Kaveri-Godavari (KG) Basin, Block 98/4 region,
East coast of India

Product Generic Name Conc. (ppb.)  Order of Addition
Sodash 0.5 1
Caustic soda 0.5 2
M-IPAC Ul Poly anionic cellulose 15 3
M-IPAC R Poly anionic cellulose 0.5 4
DUOQVIS Xanthan Gum 15 5
Potassium chloride 40 6
Sodium chloride (%) 25 7
GLYDRILL MC (PAG) Poly alkylene Glycol 12 8
Micide Biocide 0.3 9
CONQOR 303A Corrosion Inhibitor 0.1 10

MEG Monoethylen_e glycol 10% 1
(As per requirement)
Barite As per requirement 12

Statistical Analyses

Statistical analyses were performed using Statistioftware (Texas, US). Data presented are the rRédth
concentrations estimated in select water baselihdrinud and drill cutting samples. Data for eachngmeter was
evaluated for statistical significance using onerwamalysis of variance (ANOVA) to compare the means
considering exposure concentration as independgigble. The alpha level was set at 0.05.

RESULTS AND DISCUSSION

Over 100,000 chemicals are released into the emviemt, and as few as 1 — 5% have toxicity datdahlai There
is scarcity of information regarding the toxicit{ most of the chemicals released into the envirammEhe cost of
obtaining such information experimentally woulddr@rmous in terms of money, time and animals. Caegaand
regulatory agencies are therefore turning to thegliption of environmental toxicity and fate throutite use of
guantitative structure-activity relationships (QS&RL5]. Currently, there is lack of monitoring iaittes in various
countries to assess the environmental concenteatibichemicals or their potential ecotoxicologieffects in the
city’'s freshwater or estuarine environments. Tlaiskl of baseline data on exposure conditions impeeksble
estimates of their ecological risk [16]. The congiianal methods for predicting chemical toxicitye aapidly
evolving. In recent years numerous initiatives @ndjects have begun, and there are high expectafionthe
potential roles that QSAR can play. QSAR is a toolthe prediction of biological activity, and thiends itself
readily to the prediction of environmental toxicitver the past few years environmental QSAR hareased
steadily in importance. It has now reached the estaghere some regulatory agencies, such as the U.S.
Environmental Protection Agency, routinely use so@®AR-predicted toxicities for regulatory purposisis
anticipated that such use will increase greatihefuture, as more assurances are sought onfitg sdchemicals,
and more public pressure is brought to bear ag#imsuse of animals in toxicity testing [15]. Howeeyfurther
research is needed and many challenges remaimiessing the broader targets. It is most likely tha integration
of different models will become more and more intpot. The risk, of course, is that some models ryiaid
conflicting results[17]. Accurate prediction iof vivo toxicity from in vitro testing is a challenging problem. Large
public-private consortia have been formed with gbal of improving chemical safety assessment bynkans of
high-throughput screening. Zhu et al.[18] have sasfully developed QSAR modelling approach thavrd a
successful prediction of acute toxicity (LD50) vadufrom chemical structure for both rats and mE€OSAR
“estimation methods” can be used to fill data gajpere little or no experimental measured data gxast also
observed by Reuschenbach et al.[19] Moore et §IF28thumus and Sloof [21]. Toxicity to these sgate species
(fish, aquatic invertebrates, and aquatic plarteted in Table 1 can be used to predict toxicity tgeneral aquatic
community. QSARs can be used as an initial evalnatif the toxicity of chemical; however tests witlnassays
must be performed for confirmation as also obserbgdSihtmae and co-workers[14]. Tables 3-4 show tha
individual PAH concentrations in drill mud and ddlttings increased with depth in each well. Aiamtrend was
observed in the drill mud and cuttings samplesamPArguello Field, California [11,22].
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Table 3. Concentrations of PAHs recovered from Drling Mud (mg/kg) (N = 15)

Depth Mean + SD Minimum  Maximum P

S 193 +0.64 1.38 2.84
Naphthalene M 10.03 x0.14 9.84 10.22 <0.01

B 8159 +273 79.24 85.82

S 0.04 +0.04 0.00 0.10
Fluorenes M 0.83 £0.15 0.60 0.99 <0.01

B 8.60 +0.78 7.55 9.44

S 057 +0.08 0.47 0.72
Phenanthrenes M 048 *0.24 0.26 0.82 <0.01

B 9.97 +1.05 8.54 11.15

S 0.14 +0.04 0.09 0.20
Fluoranthenes M 0.36 *0.20 0.09 0.56 <0.01

B 0.73 +0.28 0.46 1.15

S 0.10 +0.02 0.08 0.15
Chrysenes M 033 =*0.14 0.18 0.54 <0.01

B 0.58 +0.13 0.40 0.79

S 0.01 +0.01 0.00 0.02
Benzo(a)pyrenes M 0.08 =x0.01 0.07 0.10 <0.01

B 0.19 +0.07 0.10 0.30

S: Surface (150meters) M: Middle (300 meters) Btdn (600 meters)

Table 4. Concentrations of PAHs recovered from DrilCuttings (mg/kg) (N = 15)

Depth Mean + SD Minimum  Maximum P
S 046 +0.48 0.03 1.20
Naphthalene M 573 £0.49 5.00 6.30 <0.01
B 39.87 £240 36.70 42.48
S 0.01 +0.01 0.00 0.03
Fluorene M 0.38 *0.08 0.24 0.48 <0.01
B 357 £0.94 2.36 4.70
S 0.25 +0.05 0.16 0.34
Phenanthrene M 040 x0.21 0.14 0.76 <0.01
B 460 *0.53 3.86 5.20
S 0.08 +0.06 0.00 0.18
Fluoranthene M 0.13 £0.09 0.03 0.26 <0.01
B 043 *0.06 0.35 0.54
S 0.03 +0.02 0.01 0.06
Chrysene M 0.14 £0.05 0.09 0.24 <0.01
B 047 *0.25 0.26 0.85
S 0.00 +0.00 0.00 0.00
Benzo(a) pyrene M 0.02 £0.02 0.00 0.05 <0.01
B 0.12 +0.03 0.09 0.16

S: Surface (150meters) M: Middle (300 meters) Btdn (600 meters)

Figure 2-3 depicts that at all depths the drillimgds contained higher concentrations of individiAHs than the
cuttings, suggesting that the PAHs were derivedharily from the petroleum additives in WBM and rbe
geological formation. This may be explained basedhe fact that small amounts of petroleum prod(steh as
oils, synthetic liquids, graphite, surfactants,aglig, glycerin) may be added to WBM for lubricatifiri,23] with
increasing depth in the wells. It was observed thatNaphthalene concentrations in DM samples|d alells was
of the highest order while the Benzo(a)pyrene cottaéons were lowest. However, WBM wastes have the
potential to smother marine life with artificial dments or suffocating it with plumes of superfisaspended
particles [24]. It is therefore vitally importar@yen when no OBMs or SBMs are used to minimizedikeharge of
drilling wastes if at all possible. Monitoring ofhy chemical inputs from oil & gas development i thffshore
regions is important to be able to distinguish"tBavironmental Baseliriefrom potential future impacts. In view of
the present marine environmental circumstancegeherated information necessitates wider distraouti
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Figure 3: PAH in Drill Cutting
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CONCLUSION

ECOSAR model has demonstrated the ability to pteti toxicity of chemicals to the aquatic commyrhd the
surrounding environment however tests with bioassag required for the reliability and assurandes &cotoxicity
predictions from such models can aid in the denisi@king process by authorities. As also obseryeBéarden
[15] QSAR for the prediction of environmental takycis well established, although there is stilaortage of good
quality toxicity data for the development of QSARSnvironmental fate (bioconcentration, soil sorptiand
biodegradation) can also be predicted by QSAR. Gdeof QSAR models should become part of a broadiem,
that is, by combiningn vivoandin vitro methods. QSAR models are robust and less expeasi/eught to be used
as the first step on this process [17]. The rap@mh of offshore oil and gas exploration actistim the coastal
region of India has generated the need for botem@gémnd region specific scientific information environmental
consequences of such activities. Water Based mgilMuds although preferred over Synthetic and Qisdul
formulations still have the potential to cause haonthe surrounding marine environment. Regular itoong of
offshore drilling activities will help to assess impact and provide proper mitigation methods.
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