Juigall daals
Thpual aslall Lyl Al

lgialeey Lulialdl) dahaia & L5glall  ghalial) (and Lunea dudd
Aporrectodea trapezoides (a) o)ua AKEE

Lumbricus castaneus 3

pall i (g3ga 3

-

ituabe Al
Blall asle

iy
20 Lsa M)
=dall dgana daaa cliua B gisall

e“~"‘ AVYEEA



dadAl)

23 &5 3 L 5hal) asle aud byl aglall Gl LIS [Juasall daala 8 daball Cupal
O 1) i) L Jeagall dite b Blialdl) dikie (e G5l gl (e diliae allse oo
Craana « Aporrectodea trapezoides s Lumbricus castaneus \aas (N Hlua (e
Ol Eol3e G dihiae gilge dasf b gl du daail (gyfay ilae inS Al o
(ol olas Ll sasal AlelSia Jlat sha) e Glldg caasall dae & Alialdl dahaie (pain
Aporrectodea s Lumbricus castaneus (ayd) ) e Gpais 5 pdl g
84 saaly Sbglall (ye dihida 3815 b B Ll (ailad Guueady dallas B trapezoides
danglonl) gulatiad Junedy ¢ el LeaSHis Y] s Lisas 8 sl Ll Ay Lagy
) g0 damly dugen s

Aol dabail) o 8 8Lyl Lumbricus castaneus sa Y1 Gl o ol o VA
(coolals Cosissll Jalas slsag mall Cpecall slaas o i) K 30 sl (o5is) A y30)
o O 5 %100 530 Sl xie %95 5 97 &l il (B Hlud A el s
O dle Gsina @I Ddga obar (5555 ) A pa) SdsY) Aakaial) dup B Sl gl g
oay) gl W & %100 HSH die %87 il (el Hled duws il (paba)l
Ol dalae ol (5953 G5y deyia) Al dabidll & Aporrectodea trapezoides
Ol Glaw cps (4 %100 Sl xie %81 s (sall Cipall sliag @I
sy (R (galsll e )l (g de) je) BB dakai) & Aporrectodea trapezoides
L il b Bls JI (el Cipeall slass capSlly alia)) (e Jle (ggina i3 Ao
%90 3Sal xie %75

Gsnally el saill Jaae o Ghliall o2 b cligldl Lk duball sda eyl
Z0EN dalaial) Calas 3 (B plasd) Jic sanas Ajlie gina iyl Cujglal 3 Glaall g sl

Aalaiall ) Gy JsY) Akl 8 ceg)yl Aol Lgab o5 ¢ 35 ) gginally saill Jaes el

—un



pen O il Cyelal QS L gl (ggimally eail) paill Jaee JB Cilan ) At
Lumbricus castaneus sayy) s (Klg ¢ ylasal) pen s Glaw Je & )4\ glal) plalidl)
Slacy A3lke o) b aliad) el calaws 3) Tpb ST il Aoty IV Akl b 5l
o) 8353 o) e Ju G Aporrectodea trapezoides (ay) 5252 s sl adalial)
Lumbricus _ay¥) sagn &)lae bkl daslaa <1 ci\S Aporrectodea trapezoides
. castaneus

eaiall g5 (AL Cahas AL jealiall (gpaal) wSIAN 8 Glaal) 80US o) pilial) < jelaly
Bylke Glaal) dawd) (A &S5 daus Jed il das 3] clgd diajaal) £l Cagylallg 33500 #5139
Capalily LSl B g S IS g b comliasll D 5 il gann b g S5 palia il
oSy pabaial (A Law 56U ST ulS Lumbricus castaneus _ayy) 5153 o gkl
) Bagn Alhe ginl (LSl g SH alaial (S 5ol Jily cpalaly Sl
vie Claw galaylly ag Sllg 3l ela dos el o)) ang9 -Aporrectodea trapezoides
b gy - (AY) Bhlidl 4lhe dilaiall 038 & Caghll daws ¢ 1) (uSag e c2IE) dakaial)
bl cuelal 3 a1 Ghalial) & &l 4dhasl (ailadl) pan Glo gl glas ik
LMl Lgilalae day Lgpas (B (ine e LA Cilae shedlly Cpmg filly duagend) A0 ()
axy hlial) e e SN o) B lelin) clingilly 28lpeS) Al Cilas G
sie Loy Alladl 3800 el vie leli) cilaid aguubislly cbin€l) Wl . glaally Lgilelas
ans GSIAN o) b Legy Lialiad) yela 38 aleally il Lol Auatiially Al giall 305l
O ) e e g (8 L el U clisina i ag KU Javesr ol Lt ¢laalls gilalae
A LN yealiall (mid b ciaalisg doill ALl aileadl) (e cria (Y ol

Lumbricus say) s e gl ) dunslshysall cilagdally el panll dalyy o
Ll Gagh e dahie Gbgiae LG cad Aporrectodea trapezoides s castaneus

el Jsha o danase clalinl Lgie Clagdill (o waal) Cyelal 3 ¢alaliall o3 8 sbualls



dlaty caaly age 8 lgalual J310 2o plaall Glill dolug ¢ 5 Al audy Delaa el e
Jlgas 7 Ly anal) jlan 330 ae dnawanll adadll ey & clidig §3a0 sl o) cluall (any
Gle o) Glad e Db sagall s oaiase (gl gt Cisdag raaly (s dlaty digen
<\ Lumbricus castaneus say) Hlan o) g5l ciing L Adalall sy Laaiagl) 5Ll
Aporrectodea ayy) Juy Ljae clagill e maall cujelal 3 ikl )it
GV Al Glagdnl Aaadle die Wl LSl slgadl daglie ST cilS S trapezoides
Gilis & A5 Cigas Jaagl cdupail) e e Lag 84 s Ga)¥) s e cpeiall e @l
diaagl) sl 4)lels <29 gl Cdlmall daih i G.ézj (COlanl) dda ) iy 28 5y
i Jajd yelily cApaiagl) BLRN dujleds (a3 ae cdayilall e Llghal) Cliasll Jlaiils
cpen) dansd) 5l lids Gans dlaws 8 aaliis (oSWY) Gl B BAd)

a5 lias Zullal) Aoyl 3 Fandioadl) al) ulin) A jaal s st sl e Diad
abaas g ol Lumbricus castaneus sl O (g Slual) iy 8 Lalle dsall oliaYL
Al e (de gl e paind) 3¢l oY) dineal) e 32 13g] cllas



Summary

The scarcity of freshwater resources in some agricultural areas has forced farmers
to use polluted sewage water to irrigate farms and crops, causing negative effects
on the ecosystem and its living organisms, which is a constant source of concern.
In the Al-Fadhiliya area, farmers rely on using sewage water and groundwater to
irrigate their olive groves. These waters are characterized by high levels of
salinity, lead, sulfates, or concentrated acidic environments, and other pollutants
resulting from human and industrial activities and polluted groundwater sources.
As a result, these pollutants have caused a significant decline in soil quality and
the accumulation of pollutants, thus negatively affecting living organisms, which
necessitates conducting an environmental assessment and using sustainable
treatment methods. In this context, this study was designed as a field,
environmental and biological research to determine the pollution rate in four
different olive farm locations within the Al-Fadhiliya area of Mosul, by
conducting integrated analyses of soil quality and irrigation water, and evaluating
the efficiency of two genus of earthworms, Lumbricus castaneus and
Aporrectodea trapezoides, in treating and improving soil properties under
different concentrations of pollutants for 84 days.

The study aimed to examine the impact of pollution on the vitality and tissue
structure of earthworms, and to record their biological responses as clear
biomarkers of environmental stress. The results showed that Lumbricus castaneus
earthworms reared in the soil of the second area (an olive farm near a landfill
irrigated with sewage and wastewater from olive and pickle factories) recorded
the highest percentage of weight loss, reaching 97% and 95% at concentrations
of 100% and 30%. Then the same type of worms followed, but in the soil of the
first region (an olive farm irrigated with groundwater with a high lead content), a
weight loss rate of 87% was recorded at a concentration of 100%.

Then the earthworms Aporrectodea trapezoides in the fourth region (an olive
farm irrigated with water from olive and pickle factories and sewage) recorded
81% at a concentration of 100%, while the worms Aporrectodea trapezoides in
the third region (an olive farm near the valley irrigated with groundwater with a
high lead and sulfur content and sewage) recorded the lowest weight loss of 75%
at a concentration of 90%. This study also examined the effect of pollutants in
these areas on the relative growth rate and protein content of the worms.
Significant effects were observed compared to the control groups, with area three
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recording the highest growth rate and protein content, followed by area four, then
area one, and finally area two, which recorded the lowest relative growth rate and
protein content. The effect of pollutants in these areas on the thickness of tissue
sections in the midgut region of the worm's body was also investigated. The
results showed that all polluted areas affected the thickness of the worms' body
walls, but Lumbricus castaneus earthworms raised in the first and second areas
were more affected, recording the highest decrease in thickness compared to the
thickness of the tissue sections in the Aporrectodea trapezoides earthworm,
indicating that the Aporrectodea trapezoides earthworm was more resistant to
pollutants compared to the Lumbricus castaneus earthworm. The study also
demonstrated the efficiency of two earthworm species in absorbing and
accumulating heavy metals such as lead, zinc, and chromium within their tissues.
The results showed that the efficiency of the worms in the bioaccumulation of
heavy metals varied depending on the type of element, the worm species, and the
environmental conditions to which they were exposed. Zinc recorded the highest
accumulation rate in worm tissues compared to lead and chromium in all regions,
followed by lead, with chromium showing the lowest accumulation.

The results also indicated that the earthworm Lumbricus castaneus was relatively
more efficient in absorbing and accumulating zinc and lead, and less efficient in
absorbing and accumulating chromium in its tissues, compared to the earthworm
Aporrectodea trapezoides. It was also found that the highest levels of zinc,
chromium, and lead were recorded in Zone 3, reflecting a higher level of pollution
in this zone compared to the other zones. The effect of earthworms on some of
the soil's chemical properties was also studied in the four zones. The results
showed that pH, nitrogen, and phosphorus levels fluctuated in a non-significant
way after treatment with the worms. While electrical conductivity and phosphate
levels increased in most concentrations across all areas treated with earthworms,
sulfates and potassium showed increases at most high concentrations and
fluctuations at medium and low concentrations. Zinc and lead levels decreased in
most concentrations after earthworm treatment, while chromium levels did not
show a significant change but fluctuated. These findings suggest that earthworms
improved the chemical properties of the soil and contributed to reducing heavy
metal content. The morphological changes and deformities observed in
Lumbricus castaneus and Aporrectodea trapezoides earthworms under varying
levels of soil and water pollution in these areas were also studied. These
deformities included localized swellings along the body, giving it a bead-like
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appearance; coiling behavior with bodies overlapping at a single point;
decomposition of some worms; near-fragmentation of body segments with
rupture of the body wall, leakage of bloody fluids, and evident tissue
decomposition; localized discoloration of the worm body; and loss or absence of
the digestive tract and internal tissues. The results also showed that Lumbricus
castaneus earthworms were more affected by pollutants, exhibiting numerous
deformities, compared to Aporrectodea trapezoides, which demonstrated greater
resistance to environmental stress. However, when observing the tissue
abnormalities that occurred in the two types of earthworms after 84 days from the
start of the experiment, necrosis was observed in the epidermal layers that may
extend to the muscle layer, gaps in the longitudinal muscle layer and in the
epithelium of the digestive tract, separation of the longitudinal muscles from the
circular ones, with subepithelial hemorrhage of the digestive tract, as well as
hyperplasia in the epidermis in some places, and a decrease in the thickness of
some layers or tissues of the body. In addition, molecular diagnosis was
performed to identify the worm species used in the current study and compare
them with the species registered globally in the gene bank. It was found that the
genus Lumbricus castaneus was not registered locally, so this is considered the
first registration of this worm species in the country.
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