Journal of Science and Practice of Pharmacy
December 2014; 1 (1): 20-24  Available onliné&atsp://www.jsppharm.org

Cofficial Journal of the Nigerian Association of Rhaacists in Academia, University of Benin BrancaniB City, Nigeria All rights reserved.

e

Original Research Article

Histopathological Effects of Spent Oil Based Drilling Mud and
Cuttings on the Earthwor m, Aporrectodea longa

Alex A Enunekd’, Lawrence | Ezemonyand Mike Ajielt

Department of Animal and Environmental Biology, &g of Life Sciences, University of Benin, NigeriaEmail:
alex.enuneku@uniben.edu. Tel: +23480307733E4ptoxicology and Environmental Forensic Unit, Na#l Centre for Energy and

Environment, Energy Commission of Nigeria, Univirsif Benin, NigeriscEmail:ezemslaw@yahoo.cofrel: +2348023353847

*Corresponding author

Abstract

Purpose: To evaluate the histopathological effects of $pengizzard and intestine of earthworms were moderateasis
oil based drilling mud and cuttings éporrectodea longa in the lower concentrations and severe necrosighe
Methods. The earthworm, Aporrectodea longa,was  higher concentrations.

exposed to different concentrations of suspendeticfe  Conclusion: The results of this study have shown that
phase (SPP) of drilling mud and cutting, collechean an  drilling mud and cuttings could cause serious hea#k to
abandoned oil drilling site in Mpanak, Niger DeRagion,  Aporrectodea longaThe discharge of drilling mud into the
for 28 days. Toxicological effects on the anneligisw terrestrial ecosystems should be discouraged oquade
evaluated using standard procedure. treatment options for detoxification should be emypH
Results: At the end of the exposure, bioaccumulation ef th prior to discharge.

toxic chemical constituents of the driling mud &g

metals and total hydrocarbons) increased (p<O@®)hole  Keywords: Drilling mud; Toxicology; Heavy metals;
tissue of earthworm with increase driling mud Hydrocarbons; Histology; Annelid

concentration. Histopathological changes in thepgcro

Indexing: Index Copernicus, African Index Medicus

| ntroduction cuttings are particles of crushed rock producethby
grinding action of the drill bit as it penetratesoi the
0c?arth [3]. On the other hand, swamp cuts are stagna
man-made channel of water near the rig, usually
subjected to seasonal flooding or tidal actions.

Oil and gas exploration and development are maj
activities in the Niger Delta Region of Nigeria. éde
activities have environmental impacts arising from
pollution of aquatic and terrestrial systems an
toxixity to resident biota. The impact of drikjrmud
discharges in the Niger Delta ecosystem of Nigeri
and the disappearance of the rich biodiversityhef t
Niger Delta, which is the key resource for susthiea
development, is a current environmental concern [1]
Drilling mud/fluid is a term that refers to the hidant

dThe effects of waste drilling fluids on swamp egplo
may be more serious than on the marine environment
Svhen exposed for a pre-determined time [4]. When
discharged untreated into the environment, drilling
mud and cuttings are capable of interfering with
normal functions of organisms such as circulatory
system and antioxidant levels [5, 6]. Knowledge of

IL:JSber(ijca:tr:a sOtILed(r:illlilllngit?r??;]aetlgzﬁinthatrosct:;)slil[zlzehse andthe toxic potential and mechanisms of action of
9p Y chemicals present in drilling mud and cuttings is

are suspension of S.OI'd n I_|qU|d em_ulsmn .and/orcrmcal for determining risk to wellbeing of
dissolved materials with chemical additives which a .

. ; . organisms.
employed during exploration to remove cuttings.

Drilling mud spent during drilling of oil and gase#ls  E5rthworms have been used as biomarkers for
serve several important functions including cogllin assessing chemical environmental pollution and

and cleaning the bit, maintaining pressure balancgaihworms contribute to the aeration of the sojl [
between the geological formation and the boreholg,, soils, earthworms constitute 60 — 80% of the

lubricating the bit, reducing friction in the bo®8,  ghima| hiomass and play a critical ecological 8l
seal permeability formations, stabilizing the barleh o example, it is estimated that under favourable

and carrying cuttings to the surface for dispoBaill conditions, earthworms can move up to 18 tons of
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soil per acre, per year, being continuously expdsed jar containing 10 annelids in triplicates. The jeexe
the soil through dermal contact and ingestion dff so covered with net of very small mesh size to allow
materials. Earthworms can accumulate drilling mudaeration and prevent the annelids from wriggling ou
in their body from soil. Histopathological resporise of the jars for 28 days. The annelids were then
earthworm have also been reported a valuable markeemoved, cleaned and voided. Samples of each
of toxicity in previous studies. These changes havannelid was digested and analysed for toxicological
been observed both following exposure to organieffects as described by Bamgbose al [15] and
and inorganic pollutants: swelling, tissue necrosisBooth et al [16], presence of heavy metals
changes in chloragogenous cells and intestingbioaccumulation) using atomic  absorption
epithelium [9].The use of Histopathological respesis spectrophotometer and total hydrocarbons using
as important biomarkers for the possible effects ofJV/visible spectrophotometer (Searchtech 720).
toxic chemicals on organism has been reported to hHdistopathological alterations were observed in the
effective [10]. It is imperative that histological organs (crop, gizzard and intestine) after fiximg i
biomarkers are the indicators of pollutants in thel0% formal saline for 24 hr using an automaticuss
overall health of the entire population in the machine using standard procedure.
ecosystem [11]. The study of histological changes i
the organ of animals is an accurate way to asbess tData Analysis
effects of xenobiotic compounds in experimental
studies [12]. Quantitative data were analyzed using one-way
analysis of variance (ANOVA) followed by Duncan’s
The aim of this study is to assess theMulti sample range post test using SPSS 15 software
histopathological effects of spent oil based dwjli (SPSS Inc. Chicago). Statistical significance was

mud and cuttings to earthworsporrectodea longa  considered at p<0.05 level of significance

Experimental Results

Anndids At the end of the exposure, bioaccumulation of the
chemical constituents of the drilling mud (heavy

One hundred and fiftyAporrectodea longa(mean Mmetals and total hydrocarbons) increased (p<0.05)

weight 4.31g) were collected from a semi-pristinewith increase drilling mud concentration (Figures 1

environment at the Botanical garden of the Uniwgrsi and 2). Histopathology evaluation of the organs

of Benin, Benin City, Nigeria. The annelids wergpke (Figure 3) revealed moderate and severe necrosis in

under standard condition .in the laboratory urggar ~ the crop, gizzard, and intestine at the lower and
higher concentrations, respectively.

Study site description/Collection of samples:

Toxicological effects of Spent oil based drillingudh  DjScussion

and cuttings were collected from swamp cuts close t

an abandoned oil drilling site in Mpanak (point 1:|n this study, there was bioaccumulation of theidox
4°33'7.35"N, 8° 0'19.31"E; point 2: 4°32'41.75"N, constituents (hydrocarbons and heavy metals) of the
8° 01.71"E; point 3: 4°33'3.36"N, 7°59'43.19"E; spent drilling mud and cuttings on the earthwoAm,
point 4: 4°32'39.58"N, 7°59'34.99"E), Niger Delta jonga exposed for 28 days. The constituents of
Region in Nigeria. drilling mud increased in earthworm tissue with
increase in concentration of the drilling mud. Tlss
Treatment of Samples: . The procedure for the consistent with the findings of Morgan [17] who
exposure was according to the Organisation foktydied the accumulation of metals (Cd, Cu, pb and
Economic Co-operation and Development (OECD)zn) by two ecological contrasating earthworm specie

recommended method for testing chemicals 200 (Lumbricus rubellus and Aporrectodea calignpsa
[13]. Test concentrations of the drilling mud (O,

62,500, 125,000, 250,000 and 500,000 ppm ofindings from this study also showed that
suspended particle phase (SPP) were prepared Aporrectodea longamanifested histopathological
earlier reported by Soegiantt al [14]. SPP is the gajterations in the heart, clitellum and blood vésse
unfiltered supernatant extracted from a 1:9 mixufre \when exposed to different driling mud
the drllllng mud and water that was allowed tolsett concentrations. The crop, gizzard, and intesting@ an
for 1 hr.Each test annelid was then eXposed to thﬁeart showed moderate necrosis in the lower
concentrations of the drilling mud for 28 days.Aét concentrations and severe necrosis in the higher
end of the settling period, the SPP (1000 000 ppmgoncentrations. In the clitellum severe necrosis wa
was decanted into a container. The differenthe only alteration that occurred in the 125,000,
concentrations were made from this stock solutiorp50,000 and 500,000ppm SPP and brownish deposits

using distilled water as the diluent. Test soilglLk ere observed in the 62,500 and 500,000ppm SPP.
was spiked with each concentration of SPP in asglas
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Figure 1: Bioaccumulation of total hydrocarbons in earthwoerposed to spent drilling fluid and cuttings
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Figure 2: Bioaccumulation of heavy metals in earthworms exgdasespent drilling fluid and cuttings

Figure 3: A - Crop of control earthworm showing distinct barfidmuscle and tissues observed after 28 days ofsexpdo
drilling oil mud (H & E x100),B - Crop of earthworm exposed to 500,000 ppm SPP dindrimud resulting in severe
necrosis after 28 days (H & E x100), C - Gizzarc¢afitrol earthworm showing distinct lumen of norriissues observed
after 28 days (H & E x100D - Gizzard of earthworm exposed to 250,000ppmSPP ifihdrmud resulting in severe
necrosis after 28 days (H & E x100), E - Intestfieontrol earthworm showing distinct lumen of nafrtissues observed
after 28 days (H & E x100¥ - Intestine of earthworm exposed to 250,000ppmSPé&ritiihng mud resulting in severe
necrosis after 28 days (H & E x100).
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Congestion of blood vessels (62,500 and 125,000he accidental and intentional release of drillimgd

ppm SPP) and brownish deposits (250,000 andiastes constitutes is a potential threat to

500,000 ppm SPP) occurred in the blood vessels.  environmental sustainability, soil biota and human
health. The chemical compounds in the mud could

Ogeleka and Tudararo-Aherobo [18], reported thelso bioaccumulate in the organism and cause aglvers

toxic effects of oil-based drilling mud (drillingaste) maladies in the earthworm. There is therefore the

on brackish water shrimpPélaemonetes africanus need to adequately protect the delicate and rich

This showed increase in mortality of the organismiodiversity of the Niger Delta ecosystem.

with increased concentration of the drilling mudrt

and Ulonnam [19], reported the toxicity and Conclusion

histopathological effects of oil-based drilling mad

edible periwinkle Tympanotonus fuscafusThey s syudy has shown that drilling mud in soildsit

refﬁ)orted |rregull]a1r tl(sjsus Shh"’.‘Fe’ macr_ophahgeand can cause severe damage to tissues and offgans o
Inflammatory  cells - an asophilic spots In the g ihyworms, Histopathological alterations were
organism. Agoeset al [20] reported thetoxicity of gy gieq in the clitellum, heart and blood vesséle
drilling waste and its impact on gill structure st earthworms. Mild to severe necrosis and brownish
larvae of tiger prawnRenaeus monodyn deposit were observed which increased in severity

ith i i trati f drilli d.
The histopathological findings from this study ‘eari With Increase In concentration of crifing mu

with that of Kilic [21] who investigated the biolmgl
effects of soil pollution by evaluating the biocheat
and histopathological responses dfumbricus
terrestristo heavy metals (Fe, Zn, Mn, Cr, Pb, Cu
Ni, Cd, Co, V, Hg and As)He showed that
histopathological changes in the intestine of tioenw
included chloragogenous cells, deformation an

fusion of epithelial cell lining, destroyed or digied
muscles and increased intestinal cell lining. Acknowledgement
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number of studies have reported general

histopathological changes in earthworm bothConflict of inter est

following exposure to organic and heavy metal

pollution [22,23]. Swelling tissue necrosis, cha®@® There is no conflict of interest associated witfs th

chloragogenous cells and brownish deposits in thgork.

tissues were the most common observation.

The results of this study have shown that drilimgd
could inflict hisopathological maladies on
Aporrectodea longal egislations should therefore be
'made to regulate, enforce and control the dispofkal
drilling mud spent during exploration, since oil
dexploration is the mainstay of Nigeria economy.

The biological and ecological responses to certairg’ontrlbuuon to authorshlp

llutant i di i f .
(F:Jr?alri;enss (;)trga:lrllce anpo;:?gggg;gz)mmrgzni\{i Y |er\?g|1 We declare that this work was done by the authors,
organ/tissue and even at the molecular level [24]A!?X A Enunek_g, Lawre.nge l Ezemonye an_d Mike
Since Histopathological changes produced bijIeh. Any liability pertaining to claims relatingp

pollutants in organs and tissues can occur befae t :[H? cf(_)ntent of th'z amglg V\I”” be bornedby tge(:mn_s.
produce irreversible effects on the biota, histialy e first two authors jointly conceived and desijne

method can be used in conjunction with othellhe study. The third author collected the drillimgd

parameters and/or ecotoxicological bioindicators aéa_lmples from impacted site while all the authors
an early warning system for the survival of theJOIntly analysed the data.
species as well as environmental protection [25].
References
The severity of histopathological changes shown in

this study increased with increase in the concéiatra 1+ Sikoki FD, Zabbey N. Aspects of fisheries of theddie
reaches of Imo river, Niger Delta, Nigeria. Envirand

of the drilling mud. This may be due to direct toxi Ecol. 2006: 24 (2): 309-312.
effects of the constituents of the drilling mud on2. vincent-Akpu IF., Sikoki F.D., Utibe, D. Toxicityfadrilling
tissues. Indiscriminate dumping of drilling mud at f7ltéid XP-07 toT. guineensidry. Sci Afri. 2010: 9 (2):68-

d””'.ng sites, surroundlngs and even . other . Neff J.M. Biological effects of drilling muds, drituttings and
environments .ShOUId be dl.S(_:our.aged., as It poses produced waters. In: D.F. Boesch and Rabalais, N.N.
threat on the invertebrates living in soils, esplgi (eds). Long-term Effects Of Offshore Oil And Gas

earthworm. Development.  Elsevier Applied Science Publishers,
London. 1987. P. 469-538.

J Sci Pract Pharm. December 2014; 1(3



Enuneka at al.

4.

10.

11.

12.

13.

14.

Odu C.T.L. and Chukwu, C. Preliminary Investigatinto the
effects of driling mud additives on symbols niteog
fixative. Fulio Res 1985; 1: 4.

Saasen A, Berntsen A, Loklingholm MG, Igeltjom Gda
Asnes K. The effect of drilling fluid base-oil prexpies on
occupational Hygiene and the Marine Environmente SP
drilling and completion. 2001: 16 (3): 150 — 153.

Wills J. Muddied waters. A survey of oil field diilg wastes
and disposal techniques to reduce the ecologiqaddtmof
sea dumping. Saknviron Watch. 2000: 139(3):30-46.

Olayinka O.T., Idowu A. B., Dedeke G. A., Akinloya. A.,
Ademula K. O. and Bamgbola A. Earthworm as bio-
indicator of heavy metal pollution around Lafargéapco

Cement Factory, Ewekoro, Nigeria. Proceedings ef th 18.

Environmental Management Conference. 2011. p 490-
496.

Double B.M. and Brown G.G. Life in complex commuynit
Functional interactions between earthworms,
matter, microorganisms and plants In: C.A. Edwdstdh.
Earthworm Ecology. St. Lucie Press, Boca Raton9§)9
p. 179-212.

Ware G.W. Reviews of Environmental Contaminatiord an 20.

Toxicology. Springer — verlag. New York. 2000. 165:
141p.

Miller D.H., Jensen K.M., Villeneuve D.L., Khal M.D

Makyhen E. A., Durhan E.J. and Ankley G. Linkage of 21.

biological response to population level effects.case
study with vitellogenin in the fat heat minnd®mphales
promelas.J Environ Toxicol an€Chem. 2007: 26(3): 521-
537

Velkova-jordanoska L. and Kotoski G. Histopathotzdi
analysis of liver in fish Barbus meridionalis petenyi
Heckle) in reservoir. TreNat Croat. 2005: 14(2): 147-
153.

Ezemonye L.LN and Enuneku A.A. Bioaccumulation and
histopathological alterations in the flat backedd®ufo
maculatusexposed to sub lethal concentrations of lead.
New York Sci J2012:5(2): 15-19.

Organization for Economic Cooperation and Develapme
(OEDC). Earthworm acute toxicity test. OECD (207).
Guidelines for testing chemicals. Paris. 1984.

Soegianto A., Irawan B., Affandi M. Toxicity of dling waste
and its impact on gill structure of post larvae Tofer
prawn Panaeus monodorGlobal J Environ Res. 2008:
2(1): 36-41.

15.

16.

17.

organicl9.

22.

23.

24.

25.

Effects of Spent Oil on Aporrectotigaga

Bamgose O., Odukoya O.0. and Arowolo T.O.A. Eartimg
bioindicators of metal pollution in dumpsites of édkuta
City, Nigeria. Rev de Biol Tropical. 2000: 48(1}71

Booth I, Palasz F., Darling C. and Lanno R. W. €Effect of
lead contaminated soil from Canadian prairie skaeges
on neutral red retention assay and fecundity ithearms
Eisenia fetidaJ Environ Toxicol Chem2003.22: 2446-
2453,

Morgan J. E. and Morgan, A. J. The accumulatioimetals
(Cd, Cu, pb and Zn) by two ecological contrasating
earthworm specied.¢mbricus rubellusand Aporrectodea
calignosg, implication for ecotoxicological testing. J
Appl Soil Ecol. 1999: 13: 9-20

Ogeleka D.F. and Tudararo-Aherobo L.E. Assessioktite
Toxic Effects of Oil-based Drilling Mud (drilling aste)
on Brackish Water ShrimpP@laemonetes africanys
Bull. Env. Pharmacol. Life Sci. 2013: 2 (8): 113711

Hart A.l. and Ulonnam C. P. Toxicity and Histopdtuical
Effects of Oil-based Driling Mud on Edible Periie
(Tympanotonus fuscatushfr J Appl Zool Environ Biol.
2008: 10(3): 36-39.

Agoes S., Bambang |., and Mochammad A. Toxicity of
Drilling Waste and Its Impact on Gill Structure Bbst
Larvae of Tiger PrawnRenaeus monodyn Global J
Environ Res. (20088 (2): 36-41.

Kilic G. A. Histopathology and biochemical ateraisoof the
earthworm umbricus terrestris as biomarker of sail
pollution along Porsuk River Basin (Turkey).
Chemosphere. 20183(8): 1175-1180

Muthukaruppan G., Janardhana S., and VijayalaksmiSG
Sublethal toxicity of the herbicide Butachlor oneth
earthworm Perionyx sansibaricusand its histological
changes. J Soil Sed005:5(2): 82-86.

Reddy N.C. and Rao, J.V. Biological response ofhearm
Eisenia fetida (Savigny) to an organophosphorous
pesticide profenofos. J Ecotoxicol Environ S2008: 71:
574-58.

Bailey G.S., Williams, D.E. and Hendricks J. D.Himodels
for environmental carcinogenesis: the rainbow trout
Environ Health Pers. 1996: 104: 5-21

Khoshnood Z., Mokhlesi A., and Khoshnood R.
Bioaccumulation of some heavy metals and
histopathological alterations in liver oEuryglossa

orientalis and Psettode erumeialong North coast of the
Persion Gulf. Afr J Biotechnol. 2019(4): 6966-6972.

J Sci Pract Pharm. December 2014; 1(24



