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Abstract: The oil containing drilling waste is a worldwidewronmental problem associated with oil and gas
exploration. In Poland, the problem of the drillimgaste has become important since starting of shate
exploration. The results of thermal treatment dfidg waste from shale gas exploration are presgnit has been
shown that organic content vaporized completeleatperature up to 500 °C. The main problem is loightent

of chloride, sulfate, sodium, potassium, magnesiurtine waste and its water leachate. Toxicity testsfirmed
that high salinity of the samples pose importasgk fior environment. Due to the high content of baw,i the
drilling waste may be utilized in production of cemt with high chemical and heat resistance and wpaq
X-ray. Thermal treatment process is a viable optasnemediation of the drilling waste; howevere throduct of
the process needs further treatment in order toverits high salinity.
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Introduction

The drilling for exploration or/and extraction ofdrocarbons from rocks requires the
use of drilling fluids [1]. Drilling fluids are caimuously pumped down the well through
the drilling pipe and return through the well anrulcarrying the rock phase that is
extracted from the well. The main purpose of théd8 is to supply the drill cuttings
transport phase, but they also cool and lubriciedrill bit, stabilize the well bore and
control subsurface (down-hole) pressures. Presswaehieved by controlling fluid density,
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balancing it with the pressure that is experiendedn-hole and by including very heavy
minerals such as barites to counteract the pregsuhe hole. As the drill bit grinds rocks
into drill cuttings, these cuttings become entrappithin the fluid flow and are carried to
the surface where the drilling cuttings are separdtom the fluids. The solid waste is
separate on vibrating shaker. Fine solids are aggghadditionally in mechanical processes
such as hydrocycloning, decanting in centrifuge gnalvitational settling [1]. Usually,
drilling waste contains residues of drilling fluidhich adheres to solids such as corrosion
and scale inhibitors, biocides, lubricants, visfiess and chemical additives for shale
stability (preventing hydration) [1, 2]. In Polarttie oil-based drilling fluids are commonly
used for horizontal drilling, mainly due to highntent of clay minerals in shale formations
[3]. Addition of oil to drilling fluid stabilizes o rheological properties, better than
water-based fluids [2]. Oil-based drilling wastewly undergoes bioremediation processes
and thus it is not suitable for landfilling [1]. @fe is the environmental risk associate with
emission of toxic pollutants due to leaching andathering processes during storage.
Additionally, local residents are often againstratge of such hazardous waste in their
neighborhood. The most applied option for treatnadrail contaminated waste is thermal
desorption of organic compounds [4, 5]. The therpratess can be conducted in cement
kiln and, additionally, leachable inorganic resislwan be immobilized by in situ formed
mineral phases (for example hydroxyapatite) [6]ctBunaterial can be used for road
construction [1].

The aim of this study is to evaluate thermal treattrof oil containing drilling waste
from shale gas exploration in Poland based ondissiple environmental impact.

Experimental
Materials

The sample of drilling waste was collected fromébmle in Koscierzyna County,
Pomeranian Voivodeship, North of Poland in 29 J2015. This waste was taken from
horizontal drilling at around 3800 m borehole truertical depth (4400 m borehole
measured depth) - Silurian-Ordovician shale foramattontaining hydrocarbons. The
drilling waste was collecting after dewatering @ss. The remained water was further
recycled and reuse in drilling. The chemical conitpas of inorganic part of the sample is
given in Table 1. The drilling waste contains dhijj cutting and residuals of drilling fluids
(muds). Mineralogical composition determined byay-diffraction (XRD): 25 % quartz,
18 % barite, 5 % calcite, 3 % dolomite, 3 % felds@2 % clay minerals (kaolinite,
serpentine, illite). Loss on ignition was 14 %.

Chemical analyses

The chemical analyses were performed at Centraimittad Laboratory in Polish
Geological Institute-Polish Research Institute. Tiadboratory is accredited according to
ISO 17025. The analytical procedures were basedtamdard methods listed by Polish
Environmental Law (Polish Environmental Law is hanized with European Union Law).
The results are presented in Table 1.
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Table 1

Inorganic analysis of untreated drilling waste skmp

sed

Parameter Unit Untreated Description of analytical method; laboratory
sample procedure; version number
SiO, [%] 754
TiO, [%] 1.11
AlOs [%] 0.18
Fe0, [%] 2.93
MnO [%] 0.058
'\(A;gg [Ef/"j] 1453% X-ray fluorescence, fused sample; PB-33; ver. ¢
K0 [%] 0.87
P:Os [%] 0.168
SO (%] 6.39
cl [%] 0.062
F (%] <0.01
E}?f\sitsio?f\n [%] 14.7 Furnace, 1000 °C
As [mg/kg] 5
Ba [mg/kg] 63073
Br [mg/kg] <1
Ce [mg/kg] 64
Co [mg/kg] 9
Cr [mglkg] 75
Cu [mg/kg] 73
Ga [mg/kg] 5
Hf [mg/kg] <3
La [mglkg] 17
Mo [mg/kg] 11
w,) [[r?éalltgg]] g:;Lg X-ray quores_cence, sample was ground and preg
Pb [ma/kg] <3 into pellet; PB-33; ver. 7
Rb [mglkg] 71
Sr [mg/kg] 1210
Bi [mg/kg] 6
Th [mg/kg] <3
U [mg/kg] 5
v [mg/kg] 357
Y [mglkg] 14
Zn [mg/kg] 155
Zr [mg/kg] 213
Cd [mg/kg] 17
Sn [mg/kg] 2
Hg [ma/kg] 1.84 Atomic Absorption Spectrometry with

amalgamation on gold, PB-06, ver. 6

Leaching procedure

The European Union regulation on solid waste ldindfi set forth parameters for
waste storage at dumpsite [7]. The compliance festthe treated waste were performed
according to EN 12457-4:2006 [8], which include cleiag with distilled water
at liquid-to-solid ratios (L/S) 10 dftkg for 24 hour of shaking.
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Thermogravimetric analysis

The experiments on oil containing drilling wastenr shale gas pyrolysis and air
gasification were conducted by use of thermogratiimeanalyzer SDT Q600,
TA Instruments. Sample (particle size below 0.1 amd mass of 36.15 mg) were placed in
a crucible made of corundum ceramics. The drillimgste sample was heated in the
nitrogen atmosphere with the heating rate 10 °Chaithe set air gasification temperature
(1000 °C). After that, nitrogen was replaced with (§ow rate of 0.1 driYmin), and the
sample was kept in the set temperature until ataohsveight was obtained.

Thermal treatment of drilling waste

The thermal treatment experiments were performedleérzy Haber Institute of
Catalysis and Surface Chemistry using muffle fuen@@zylok FCF 12 SHM). The furnace
is equipped with the PID digital temperature progmzer (Czylok SM-2002), which was
used for precise control of temperature insided@mber. The samples of drilling waste
were treated in air at 250, 500, 800 and 1000 t@fo. Due to safety reason (fire hazard),
the sample treated at 800 °C was brought to th@eemture in 2 h, whereas the sample
treated at 1000 °C was brought to the temperatupes h.

Toxicity analysis

Toxicity analysis was performed at Department ofiiEtnmental Health Sciences,
Medical University of Warsaw.

Sample preparation: 200 grams of the tested sample was poured with c0of
deionized water (MilliQ) and shaken at 25 °C. Affeand 24 h the pH of the water was
measured and the sample was adjusted to the pld GBgwith few drops of concentrated
HCI (analytical grade). Aqueous phase was testeth®ySpirotox, Microtox and umu-test
whereas the solid phase - by the direct contaetyadslicrotox-SPT, Ostracodtoxkit F and
Phytotoxkit. Prior to the Phytotoxkit test, the idobamples were mixed with sand 1:10.
In case of Ostracodtoxkit F, undiluted and dilusagnples with sands 1:10 and 1:100 were
tested. The sand was used as a negative control.

Spirotox test: Acute toxicity assay with the ciliated protozoadpirostomum
ambiguum was performed according to procedure developedNbiecz-Jawecki [9].
Shortly, the test was carried out in a 24-well golyene multiwell plate. Each test
comprised one control and five toxicant concerdregi with three duplicates per
concentration. Each well contained 1 ml of the danamd 10 protozoans. The plates were
incubated in darkness at 25 °C. After 24 and 48vb kinds of test responses were
observed: (1) different deformations, morphologichlanges, such as shortening and
bending of the cell; (2) lethal response (L). Adilaent and a control Tyrod solution was
used.

Microtox: Acute toxicity assay with the luminescent bacteviario fischeri was
performed according to the ISO 11348-3:2007 [1@mples were incubated at 15 °C for
15 and 30 min and the light output of the samplas wecorded with a Microtox M500
analyzer. Standard procedure was used for testiigrvextracts, whereas a solid phase test
(SPT) was used for testing solid samples. The SRildirect contact assay and the bacteria
were incubated in the suspension of the solid sarnmpthe SPT diluent (3.5 % NacCl) for
30 min. As a diluent and a control 2 and 3.5 % Na@t used in the standard and SPT
procedure, respectively.
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Ostracodtoxkit F: Direct contact toxicity assay with the ostracadsterocypris
incongruens was performed according to the 1ISO 14371:2012.[Ihg assay, purchased
from MicroBioTests, was performed in the 6-wellysiyrene multiwell plate. Each control
and a sample was in 6 replicates. Ten neonatelseobstracod hatched from cysts were
added to each well of the microplate containing r*® of the solid sample and
4 cn? of the algal suspension (food). After 6 days aftaot with the sample the percentage
mortality and the growth of the ostracods were meitged and compared to the control.
As the control non-toxic sand was used.

Phytotoxkit: Seed germination and early growth assay with migkents was carried
out according to the 1ISO/DIS 18763 [12]. Flat ahdl®w transparent test plates were used
in the Phytotoxkit from MicroBioTests. Seeds of #alected plants were laid on a black
filter paper placed on top of the hydrated solichgke. After closing the test plates with
their transparent cover, the test plates were glaegtically in a holder and incubated at
25 °C for at least 3 days. At the end of the intisimaa photo was taken with a digital
camera and the length of the roots was measurdd tvé use of the image analysis
program (ImageTool, UTHSCSA). The assay was perorwith the seeds of 5 plant
species: one monocotysdrghum saccharatum), and 4 dicotylsl(epidium sativum, Snapis
alba, Beta vulgaris andMedicago sativa).

Umu-test: Umu-test detects the induction of the SOS systethe strainSalmonella
typhimurium TA1535/pSK1002. The test is based on the capglufigenotoxic agents to
induce the umuC-gene in ti8 typhimurium strain in response to genotoxic lesions in the
DNA. Due to its capability to respond to differeiypes of genotoxic lesions, only one
single strain is necessary to detect different &infl genotoxic substances. The umu-test
was carried out in the 96-well microplate with amithout the metabolic activation by s9
fraction according to the ISO 13829 [13]. S9 fractivas prepared from liver of male
Sprague-Dawley rats pretreated with Aroclor 125d0(hg/kg) 5 days prior to isolation.
The 1.5 fold and greater increase of fhgalactosidase activity resulting in induction oati
IR value of 1.5 and greater indicated the genotoxiaitthe sample. Additionally, toxicity
assessment was performed by measurement of bagenigth inhibition expressed as the
growth factor.

Results and discussion

Thermogravimetric analysis of drilling waste

Thermogravimetric analysis revealed two inflectipaints (Fig. 1). The first one
occurred in temperature interval from 50 to 200 With maximum at around 130 °C.
The observed weight loss was 12.17 %. This weiggg ay be a result of vaporization of
light aliphatic hydrocarbon and single to thregsmromatic compounds and their aliphatic
substituted derivatives. Boiling point and flashinboof those compounds are within or
close to the temperature interval [14]. Those caimgis are very volatile, and thus they can
be easily removed from drilling waste by heatingeTormed vapor can be easily flared up
or used for heating purposes. The sample was iad dr order to avoid the loss of volatile
hydrocarbons before measurement. Therefore, thghivedss may be partially accounted
for removal of sample moisture. In the temperatumterval from 300 to 550 °C, the
hydrocarbons with higher molecular weight and numtfecarbon atoms were removed
from the waste. Part of those compounds may cooma the shale. Silurian-Ordovician
shale formation contains up to 4 % of total orgar@bon; the median value is around 2 %
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[15]. The observed weight loss was 7.22 %. Dueetating of the sample up to 550 °C, the
observed total loss weight was 20 %. Further Idsweaight, up to 1000 °C, was likely
caused by loss of crystalline water and dehydrdiofaof clay minerals (illite, kaolinite
and serpentine) as well as partial decompositidmaate and carbonates.
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Fig. 1. Thermogravimetric curve of the investigasedhple of drilling waste

Thermal treatment of drilling waste

Based on thermogravimetric analysis, the tempezdturdrilling waste treatment was
set at 250 and 500 °C. However, taking into accdhat the waste can be treated in
an incineration plant or cement kiln, two point8880 and 1000 °C were added. According
to Council Directive 89/429/EEC, the temperaturetloé gases from incineration of
municipal waste should be at least 850 °C in otdemvoid formation of polychlorinated
dibenzodioxins (PCDDs) and of polychlorinated dibefarans (PCDFs) [16]. However, in
modern plants, the wastes are usually incineratedduiltistep process at different condition
and temperatures in order to reduce pollution andréove waste-to-energy conversion
efficiency [17].

The results of organic analysis of the untreateitlirdy waste have shown high
contents of organic compounds (Table 2). Total gietrm hydrocarbons (TPH)
concentration was very high - 31 g/kg and totalkoig carbon (TOC) was 4 %. However
concentration of volatile (BTEX) and 16 priority Igoyclic aromatic compounds (PAH)
was low. Only concentration of phenanthrene, pyrand benzo[e]pyrene was above
0.1 mg/kg. The oil based drilling fluids are pregzhfrom synthetic mineral oils containing
olefins and paraffinic (mostly cyclic) hydrocarbongith low content of aromatic
compounds in order to meet environmental safeteriai imposed by many environmental
protection authorities [18]. Therefore, the traoésaromatic compounds may come from
shale formation or they may be impurities of sytitheil used in borehole drilling.
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The water leaching test has shown that hydrocari@ns strongly bound to the solid
content of the waste. In water solution only tracdsl16 priority PAH were found.
The leaching of each compound was belowglkg, except phenanthrene - 2.48/kg.
The concentration of TPH in the solution after l@ag was below the limit of
guantification. The mineral composition of the wasivas characterized by X-ray
diffraction. The waste contained (by weight): 2%¢%guartz, 18 % of barite, 5 % of calcite,
3 % of dolomite, 3 % of feldspar and 32 % of claynenals (illite, kaolinite, serpentine).
The clay minerals are very good adsorbent of orgeampounds [19]. In order to prevent
clay hydration and swelling, the quaternary amiaes frequently added to drilling muds
[20]. Amine modified organoclays strongly immobdipil hydrocarbons [21, 22]. It seems
that such material is appropriate for landfillingowever, there is the risk that during
biodegradation and weathering of the waste maysel®lefins and paraffinic compounds
to environment. The compounds can be also trangfhrim very toxic naphthenic acids in
the environment [23, 24].

Table 2
Organic analysis of untreated and treated driNiagte sample
Untrea- 500 | 800 Description of analytical method;
Parameter Unit ted |250 °C oC oC 1000 °G laboratory procedure; version
sample number
Total C [%] 7.54 368 116 1.761.31
Total H [%] 1.11 0.50, 0.21 0.0 0.07 Elemental analyzer
Total N [%] 0.18 0.18{ 0.0% 0.05<0.05
Total S [%] 2.93 256 242 194132
Total Organic Carbon Combustion with culometric
Toc el | 416 | 288 062 -] - titration, PB-23, ver. 6
Total Petroleum Tetrachloroethylene extraction,
[mg/kg]| 31000 | 1220, 386 <1p <10 Fourier Transform Infrared
Hydrocarbons

Spectrometry, PB-23, ver. 6

Acenaphthylene ya/kg] 35 57 9 <1 <1
Acenaphthene uo/kg] 53 14 7 <1 <1

Fluorene fa/kg] 13 35 17| <1 <1
Phenanthrene up/kg]| 224 55 42 <1 <1
Anthracene 1ha/kg] 14 8 6 <1 <1
Fluoranthene da/kg] 44 8 11| <1 <1
Pyrene fg/kg]| 121 7 16| <1 <1
Benzo[a]anthracene /ki 21 <2 4 <2 <2
CLr]ysene Eg /kgg;} 56 <2 5 ) <2 Gas chromatography-mass
spectrometry, PB-22, ver. 7
Benzo[b]fluoranthene| pg/kg] 33 <3| <3| <3 <3
BenzolK]fluoranthene| o/kg] 5 <3| <3| <3 <3

Benzo[e]pyrene do/kg]| 122 <3| <3| <3 <3
Benzo[a]pyrene Ho/kg] 27 <3| <3| <3 <3
Perylene fig/kg] 9 <3| <3| <3 <3
Indeno[1,2,3-cd]pyrene[ug/kg] 12 <5 | <5| <5 <5
Dibenzo[ah]anthraceng]ng/kg] 14 <5 | <5| <5 <5
Benzo[ghi]perylene | {g/kg] 80 <5 | <5| <5 <5

Benzene ha/kg]| 2.3 - - - -

Toulene Lig/kg] 21 - - - -
Ethylobenzene do/kg]| 8.3 - - - - Head space-gas chromatography-
1,4-dimethylbenzene | pf/kg] 17 - - - - mass spectrometry, PB-23, ver. |7

1,3-dimethylbenzene| pf/kgl 28 - - - -
1,2-dimethylbenzene | pf/kg] 26 - - - -
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The leachable total organic carbon was 1350 mgiktte soluble part of organic
compounds in drilling waste may contain variousatant, quaternary amines, scale and
corrosion inhibitors (EDTA, citrate) etc. [2]. Thrmsompounds are usually selected for
preparation of drilling fluids because of their tigiodegradability and low or no toxic
effect to environment. In many countries, environtak law and good practices impose
usage of environmental friendly drilling fluids.

The X-ray fluorescence analysis has shown thatsiiyated drilling waste consisted
high concentration of sodium, barium, potassiumgmesium mainly in sulfate or/and
chloride salts (Table 1). There are also elevatedcentrations of zinc, manganese,
strontium and vanadium probably coming from shalenttion or/and drilling fluid and
abrasion of rig and borehole construction partsngudrilling. However, only sodium,
potassium and calcium leachated significantly framreated drilling waste (Table 3).
Those cations are well known macroelements, crufoal life; however, their high
concentration has an adverse effect on environihestto increasing the osmotic pressure
that may disrupt cells in organisms. The preseridégh concentration of chloride causes
salinity stress to organism. The presence of dléoii aquatic environment is responsible
for decreasing of available nutrient, decreasindisfolved oxygen content and increasing
of toxic heavy metals mobilization from sedimenfulfate causes salinity stress to
organism too, and may be responsible for mobiliratf heavy metals in environment and
increases leaching of essential nutrients.

Table 3
Inorganic analysis of leachate from drilling walséfore and after the treatment

_ Untreated Analytical methoc_i, laboratory
Parameter Unit 250 °C | 500 °C| 800 °C|1000 °C| procedure, version number,
sample )
issue date
Conductivity | [mSicm] 1.5 35 | 34| 26| 34| Flecticalconductiity meter,
) ) ) ) ) PB-02, ver. 8
pH 8.56 7.13 10.52 4.7 3.5 Potentiometer, PB-81., &
Fluoride [mgrkg] <1 <3 <3 <3 <3
Chloride [mg/kg] 4100 5900 6100| 420( 350( lon chromatography with
Nitrite [mg/ka] 3.5 <30 <30 <30 < 30| electrical conductivity detector,
Nitrate [mg/kg] 2.4 <30 <30 <30 <30 PB-04, ver. 14
Sulfate [mg/kg]] 215 5800 | 7600 6400 1450D
Na [mg/kg]| 1064 1160 716 816 588
K [ma/kg] 306 353 505 732 818
Sr [mg/kg] 9.1 120 181 4.6 13.1| Inductively coupled plasma
Mg [mg/kg] 4 177 22 298 363 | optical emission spectrometry,
Ba [mg/kg] 3.68 <1 18 6.4 8.3 PB-28, ver. 6
Ca [mg/kg]| 1294 3523 | 5225 2600  318(
Hg [mg/kg] <3 <3 <3 <3 <3

The thermal treatment did not affect significanithaching of the elements from the
drilling waste. However, the organic part of dnili waste vaporized completely at 800 °C.
The experiments were conducted in air atmosphare,lab furnace, therefore part of the
organics was burn down during the process. It iglwim mention that total organic carbon
concentration is not a good parameter for assedsmkrihe process effectiveness.
The formation of soot may affect the measuremdiiis.soot, contrary to carbonate, cannot
be remove from the sample with hydrochloric aciderpto analysis of TOC. Therefore,
further studies will be continued in specially dgsreactor with hot air flow or microwave
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heating. This allows to design a reactor, in whiké drilling waste can be burnt down
completely without soot formation and emission oiki¢ substances, for example,
polycyclic aromatic hydrocarbon or dioxin.

The XRD analysis of samples heated above 500 °Cshawn formation of barium
sulfides, and various barium minerals (barium ahaosilicate-cymrite) as well product of
thermal transformation of clay minerals - Fe, Tid®s and quartz, hydroxyapophylite,
sanidine. It is likely that the most toxic elemesteh barium and strontium as well as other
elements were incorporated in the structure of &tnminerals; thus leaching of such
element was restrained. However, those elementsbeagleased during weathering of the
treated waste in the landfill.

Toxicity analysis

The samples of drilling waste, untreated and treate250 and 500 °C, were subjected
to various toxicity assays. The untreated anddceaamples were not toxic to Spirotox test
assay. In Microtox test, the dilution of the samsptleat caused 20 % inhibition of the light
output of the luminescence bacteN&brio fisheri, was calculatedHC,g). The most toxic
was untreated drilling waste whereas treated orgb@tand 500 °C was 2 and 4-fold less
toxic, respectively (Table 4).

Table 4
Toxicity of the samples in the Microtox assay
Tests with extracts Solid phase test (SPT)
312 0

Sample EC2[%] %, 15 min exposure| ECy[%)]*, 30 min exposure ECz0 [n;g)l(lgcr)girfo min
Untreated 22.9 (20.3-25.8) 21.817.9-26.4) 960.{¥813)

250 °C 48.0 (45.0-50.3) 39.7 (29.6-44.4) 441 (173a)

500 °C 89.3 (79.8-99.1) 85.5 (72.6-99.3) 1425 (11324)

L ECy (95% confidence limit) expressed as a percenhdfluted aqueous extract
2 ECy (95% confidence limit) expressed as a concentratfa solid sample in water [mg/dm

Extending the exposition time from 15 to 30 minutesulted in slightly increasing
toxicity to Microtox test assayibrio fisheri is saline bacteria therefore, high salinity of the
tested samples did not affect obtained results.

Table 5
Toxicity of the samples in the Ostracodtoxkit Feass
Endpoint Mortality [%] * Growth inhibition [%] 2
Sample undiluted 1:10 1:100 undiluted 1:10 1:100
Untreated 100 100 100 - - -
250 °C 100 0 0 - 4 7
500 °C 100 10 7 - 21 -2

! percent of the dead ostracods in the 6 d assay
Zinhibition of the growth of the ostracods aftedl 81 comparison to the control (sand)
% significantly different from the contrah < 0.05 (Student:test)

Another test used for toxicity assessment was O©Catitaxkit F. The benthic
crustaceans in test assay fed on algae and deffTtalle 5). The organism is sensitive to
soluble and insoluble constituents of the investidasamples. The mortality of the
organism was 100 % for all undiluted samples. Dgllwaste diluted with sand in ratio
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1:10 was non-toxic and further dilution to 1:10Qsad even 7 % increasing of crustacean
growth.

High salinity of undiluted samples was probablypassible for their toxicity to the
test organisms because they live in fresh watdnssds and they are not immune to such
harsh conditions. Additionally, pyrolytic/combustidy-products formed during thermal
the treatment may be also responsible for toxicityis should be taken into account in
further development of the thermal process.

Additionally, phytotoxicity test were performed ngi Phytotoxkit assay. Five higher
plants were seeded in the samples diluted withnthetoxic sand (1:10). Although the
investigated sample did not affect germinationhaf plant, early root growth of the plants
was inhibited in case of three species (Table 6).

Table 6
Toxicity of the samples in the Phytotoxkit
Sorgum Lepidium Sinapis Beta Medicago
Sample ; ; )
saccharatum sativum alba wulgaris sativa
Untreated 10 8 46 24 3
250 °C -2 =25 4 7 -13
500 °C —4 -11 18 33 25

Yinhibition of the root growth in comparison to tbentrol expressed as percent
2 significantly different from the contrah < 0.05 (Student:test)

S alba was affected by untreated waste, whemasulgaris and M. sativa by the

sample treated at 500 °C. The high salinity of dandiid not affect germination and root
development of the plants. It is likely that orgapart of the sample that changing during
thermal treatment may affect selectively developnoéicertain plants.

Table 7
Bacterial growth in the umu-test
-s9
Sample Sample concentration
67 % 34 % 17% 8 %
Control 0.95+0.18 0.87 +0.10 1.24 +0.18 1.24+0.17
Untreated 0.64 +0.18 0.71+0.12 0.96 +0.09 1.06 +0.05
250 °C 0.54 +0.12 0.66 +0.10 0.94 +0.23 1.10 +0.03
500 °C 0.50 +0.27 0.52 +0.07 0.76 +0.04 0.94 +0.18
+S¢
67 % 34 % 17 % 8 %
Control 1.23+0.20 1.03 +0.11 1.11 +0.12 1.26 +0.18
Untreated 1.13 +0.09 1.05 +0.05 1.03 +0.05 1.27 +0.15
250 °C 1.16 +0.05 1.08 +0.10 1.08 +0.03 1.13 +0.09
500 °C 0.85 +0.08 1.20 +0.29 0.99 +0.06 1.23 +0.04

1 +59 / —S9 - with / without metabolic activation

2 growth factorG. Average + standard deviation from 3 replicates

Genotoxicity of untreated and treated drilling veaswas also evaluated using
S. typhimurium bacteria. The test measured bacterial growth itiib expressed as the
growth factor and detection of induction of the W@agene in thes. typhimurium strain in
response to genotoxic lesions in the DNA. Accordiogthe ISO 13829 [13] standard
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method, if growth inhibition is higher than 50 %etinduction ratio cannot be calculated.
This was observed in the highest concentration tef sample treated at 500 °C.
The aqueous extracts of the samples were testesl.gidwth inhibition of the bacteria
decreases with increasing of dilution of the ext(@able 7).

Metabolic activation caused that growth inhibitioh the bacteria was independent
form concentration of the samples. It has been shihat the samples were not toxic in

umu-test (Table 8).

Table 8
Induction ratiolR in the umu-test
—-sg
Sample concentration
Sample 67 % 34 % 17% 8 %
Control 0.74 +0.17 0.99 +0.06 0.97 +0.25 0.97 £0.14
Untreated 0.66 0.11 0.97 £0.22 0.95 +0.18 1.02 +0.03
250 °C 1.18 £0.09 0.90 +0.17 0.95 +0.23 0.97 +0.16
500 °C 3 0.95 +0.17 0.83 +0.15 0.81 £0.27
+S9
Sample 67 % 34 % 17% 8 %
Control 1.17 £0.04 1.16 £0.10 1.00 +£0.03 1.03 +0.11
Untreated 1.02 £0.07 0.94 +0.03 0.87 +0.14 0.91 +0.01
250 °C 0.92 +0.04 0.89 +0.07 0.89 £0.11 1.02 +0.21
500 °C 0.95 +0.07 0.86 +0.06 0.88 +0.06 0.95 +0.03

1 +59 / -S9 - with / without metabolic activation
Zinduction factodR. Average + standard deviation from 3 replicates
% toxic sample

All the samples were not genotoxic to the bactesim,thelR was lower than 1.5.
Moreover, no promutagens occurred in the testedpkssn During the umu-test with
metabolic activation (+s9), these compounds migat rbetabolized to mutagens by
enzymes present in s9 fraction.

Conclusions

Thermal process conducted at low temperature may\able option for treatment of
oil containing drilling waste. The oil can be vaped at relatively low temperature
between 250 to 500 °C and may be recovered fdindyibr burn down in order to use as
a fuel for the treatment process. However, the nmpagblem is inorganic product of the
thermal process. High concentration of chloriddfase, calcium and magnesium in water
leachate strongly limits further application of thaste in, for example, road construction.
Mixing with fly-ash, gypsum may restrain the leadhiof those elements [1, 25]. Earlier
studies have shown that drilling waste do not @oserisk related to radioactivity [26-28].
Due to high content of barium sulfate, the waste ima used for preparation cement with
high chemical and heat resistance and opaque tayXadiation. Barium and strontium
aluminosilicate is common constituent of such cenfig@]. Formation of soot, fly ash and
emission of toxic compounds during incomplete costiom of the waste is the main
problem to overcome in further development of thertreatment processes. The design of
industrial installation and optimization of procgsarameters will be subject of further
works.
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