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Abstract

Research has included using ultrasound technology to treat industrial wastewater, which is the
final output of the tanning plant in the tannery area before it is discharged into the Tigris River with
Mosul City in January 2024. Analyzed chemical oxygen demand (COD), electrical conductivity
(EC), and pH for samples. The results of the analyses showed the height that the chemical oxygen
demand (1027 mg/L) and electrical conductivity (13014pS.cm™) are beyond the maximum
allowable limits. While the pH was within the standard level before exposure to ultrasound. The
results showed a decrease in chemical oxygen demand when exposed to ultrasound, while exposing
the sample for the same time increased the (EC), as well as the increased pH values. The efficiency
of removing organic pollutants increases with increasing time, starting with (19.08%) at a time of
two minutes, and ending at (32.22%) at a time of ten minutes.

Key words: industrial waste water, tanning factory, ultrasound, chemical oxygen demand, organic
pollutants, electrical conductivity
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Abstract

Numerous physical, chemical, and biological characteristics of the wastewater of Al-Medan
and Danadan estuaries, which drain their Waste water to Tigris River within the city of
Mosul. Monthly Water sampling lasted for studied for the period from December 2023 to
February 2024. Some physical, chemical and biological characteristics were measured,
Temperature, pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS), Dissolved
Oxygen (DO), Biochemical oxygen demand (BODs), Chemical Oxygen Demand (COD),
Total Hardness (T.H.), Turbidity, Sulfate (SO,?), Orthophosphate (PO4?), Nitrate (NO5),
Chloride (CI') and Total Bacterial and Coliform Counts were done. The study showed that
some characteristics were exceeded when compared with the Iragi standards. The results
showed an increase in the Biochemical oxygen demand (BODs) and Chemical Oxygen
Demand (COD) with a decrease in Dissolved Oxygen (DO) values. While the temperature and
pH were within the normal range at the two sites of the current study and in all months. The
study concluded that the quality of the disposed water is unclean with high turbidity, and it is
hard to very hard consistency. The values of sulfate ions, orthophosphate, nitrate, and
chloride, were within the Iraqgi standards for disposal into rivers. In terms of the total numbers
of bacteria and coliform bacteria, High numbers were registered in both sites during the study
period.
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Abawi and Hassan, ) 1967 (5l cua d8lall ylsddl A #ohall sbiad ]yl claaaal) (2) Jgaall s

(1990
.(Abawi and Hassan, 1990) _¥) ) dalaia) sbuall 4:8)al) Clasaal) (2) Jgaad)
Properties | Temp. | pH BOD:s COD S0,” PO,% | NOs CI
(C°) (mo\l) | (mg\l) | (mg\l) | (mg\l) | (mg\l) | (mg\l)
Maximum | 35 6-9.5 40 100 400 3 50 600
A_Zlal|y plat)
g

Sl read) Al pilsal Lnslyllly Agbaslly Aolsdll Gailadll dyesl G (3) sl s

LAl Auhall sae DA (olasallg

Al Al adlpas ¥ Aunsloslally Axibaslly Ailijull) patladll cNnag 58159 o (3) dsead

ations Al-Medan Dandan
Dec Jan Feb Mean Dec Jan Feb Mean
Propexties | 2023 2024 2023 2024
Temp. (C°) 8 9 15 10.67 8 10 16 11.33
pH 6.76 7.1 6.76 6.87 6.55 7 7 6.85
EC (ps\cm) 695 805 795 765 | 1852 | 1218 | 1134 | 1401.33
TDS (mg\l) 258 281 303 280.67 643 423 561 542.33
DO (mg\l) 0.98 0.13 0.82 0.64 0.57 0.76 0.81 0.71
BODs (mg\l) 120 270 300 230 200 75 170 148.33
COD (mg\l) 144 236 400 260 230 292 243 255
T.H (mg\l) 175 170 165 170 190 275 235 233.33
Turb (NTU) 177 120 193 | 163.33 | 156 83 108 115.67
S04? (mg\l) 125.24 | 180 114 139.75 | 421.81 150 222 264.60
PO, (mg\l) 2.89 1.20 3.06 2.38 3.71 0.13 2.19 2.01
NO5; (mg\l) 172 | 259 | 131 | 964 | 057 | 175 | 0.00 6.02
CI" (mg\l) 63.99 78 200 114 239.99 95 160 165
T.B.C *10° (Call\ml) 2 250 2500 | 917.33 295 295 840 476.67
T.C.C *10° (Call\ml) 1 15 700 238.67 1 2 200 67.67
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This study was conducted to determine the effect of radiation exposure on some blood
components, liver functions and cortisol hormone for individuals not exposed to radiation and
those exposed to radiation. (80) blood samples were collected from males only, non-smokers,
non-alcoholics and free from chronic diseases, their ages ranged between (20-60) years. The
samples were divided into two groups, the first group included (40) blood samples from
individuals not exposed to radiation, while the second group included (40) blood samples
from individuals exposed to radiation and in the same age groups. Venous blood samples
were collected at a rate of (4-6) ml from each person, taking into consideration the exclusion
of any hemolytic samples in order to exclude false results. The results showed that there was
a significant increase in platelets (PLT), a significant decrease in red blood cells (RBCS), a
significant decrease in white blood cells (WBCS), a significant increase in the activity of the
enzyme alkaline phosphatase (ALP), and the activity of the enzyme aspartate
aminotransferase (AST), and also a significant increase in the hormone cortisol in the group of

people exposed to radiation compared to the group of people not exposed to radiation.

Keywords: Radiation, ALP, AST, ALT, PLT, WBCS
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Abstract

The study aims to evaluate the quality of liquefaction water in the Andalus, Alsurta and
Mohundissien quarters for drinking and domestic uses and to investigate the potential risks
resulting from its pollution based on international standards using the Canadian model
CCMEWAQI and the comprehensive pollution model CPI. Both temperature and acid function
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(pH) were estimated., electrical conductivity EC25, dissolved oxygen in water DO, total
hardness, total basicity, sodium ions Na, sulfates SO4, nitrates, fluorides and fecal coliform
bacteria.

The study found that the frequency of appearance of fecal coliform bacteria reached more

than 16 cells. 100 ml™, And the concentration of dissolved oxygen decreased in some periods,
and the concentrations of fluoride ions were below the minimum limits calculated according
to the climatic conditions of the city of Mosul, as their rates did not exceed (0.428 £ 0.071)
mg. L-1, which causes health problems for consumers, while the rest of the characteristics
studied were within the appropriate limits for drinking. As for the results of the mathematical
models, the quality of the water studied was in the category of highly polluted water
according to the CPI model, and bad quality water according to the Canadian model.
Keyword: Drinking water quality, Canadian model (CCMEWQI), CPI
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cdlady ale IS8 bl B35 aah ADIA (e (Ko Ally FC «F, NO3 « SO4<Na ¢« ALK« TH¢« EC< DO«.Ph

Gl Gt e CCME-WQI 1l i34l e (53) Gilpdige aladiad o Ljlae luhall (ans cial Eus

& LS D) dnldll Slaalsdll ae A3kl JAdgise ST CCME-WQI asts o angs s ans ol

.(Gikas et al,2022 «Kujiek et al, 2024 <Akiner et al,2024) ;s JS Ll L] Sl Y aleall

tdalye SO ey (g€l gl

F1=(Scope)
Number of failed variables

F1= - x 100
Total number of variables
Number of failed test

F2= x 100

" Total number of tests
F3= Jadn lly Lgdlaal ALl Hlaal) ad 40 3aad ¥ @) laad) i bl ccalaall jalas e s ag
Al EDEN clghadl)

Failed test value

xcursion=———  — 1
excursio Objective
Y EX
Nse=
Total number of tests

nse
0:01nse+ 0:01

CCMEWQI=100- /M
1.732

LS Ju gl G alaall B3 g2 Culiall G (2) Js

bl e 53 aladl (2) Jisaalls Leilie aiy i sall o dlal 22y

CCME-WQI 0-44 45-59 60-79 80-94 95-100
Water quality status Poor Marginal Fair Good Excellent
Comprehensive Pollution index (CPI) Jalddl &elith Juaga

dae s auttl Comprehensive Pollution index (CPI) Jalall Gughill Jiage Jalall obuall 83ga ydige addiil
DONd et ) g ynall @bl 3 odinllly Graitall el Gle el ojlial o5 Adiall Gl ¥y capall ol
(al,2024
— :4Y) Aaleal) (WCP dad alag) 39
CPI= 1N * [z ¥
St
1o A
deagall (A deadivdl claall 2ae: N

sladdl cilie M lalaal Lulzdl 3:501:MC
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Sslall puigy il 2 AU e Gy [T UTRENKE Spe

CPI ph coss slaal) dus i s (3) Jgaad

CPlrange |0.0-0.2 | 0.21-0.40 | 0.41-1.0 | 1.01-20 |=>2.01
Class 1 2 3 4 5
Status Clean | Sub-clean | Slightly P. | Medium P. | H.P.
P: Polluted., H.P: Heavily Polluted.

Results and Disscutions Aadlially galall)

poes ilS @llig (31.25 - 25.54) 0x CCMEWQI Lidse ad 2ol o (4) Jsaad) 8 Ll m2ball s

OUSE (I Al Asalls agmy Legill 8 (g5l 1 Poor quality water i (e dug el gkl il
(WHO, 2017) yill gy = sansall 3g0al) jolail sl ¢yolgtll Lpi€s sl

CCMEWQI Jisall o 3ol A i) (3hliad slsall Ciiuay o (4) Jgsad

. CCMEWOQI . CCMEWOQI
Sites | | P Fs Values T(jpe Sites | F P Fs Values Tglgpe

1st| 10 | 10 | 89.36 | 31.25 | Bad | 16St| 10 | 10 | 89.72 | 30.99 | Bad

2St| 10 | 10 | 95.24 | 26.84 | Bad | 17St| 10 | 10 | 92.03 | 29.25 | Bad

3St| 10 | 10 [ 94.77 | 27.19 | Bad | 18St| 10 | 10 | 93.45 | 28.18 | Bad

4St| 10 | 10 | 96.14 | 26.16 | Bad | 19St| 10 | 10 | 93.26 | 28.33 | Bad

5St| 10 | 10 | 95.76 | 26.45 | Bad | 20St| 10 | 10 | 95.47 | 26.57 | Bad

6St| 10 | 10 | 95.56 | 26.69 | Bad 21> 10 | 10 | 96.37 | 25.99 | Bad

7St | 10 | 10 [ 94.72 | 27.25 | Bad | 22St| 10 | 10 | 96.98 | 25.54 | Bad

8St| 10 | 10 [ 9354 | 28.12 | Bad | 23St| 10 | 10 | 96.26 | 26.07 | Bad

9St| 10 | 10 | 94.76 | 27.20 | Bad | 24St| 10 | 10 | 94.95 | 27.07 | Bad

10St | 10 | 10 | 94.75| 27.20 | Bad | 25St| 10 | 10 | 95.72 | 26.47 | Bad

11St| 10 | 10 | 93.10 | 2844 | Bad | 26St| 10 | 10 | 95.98 | 26.28 | Bad

12St| 10 | 10 | 92.17 | 29.15 | Bad | 27St| 10 | 10 | 95.98 | 26.28 | Bad

13St| 10 | 10 | 92.37 | 29.00 | Bad | 28St| 10 | 10 | 95.94 | 26.31 | Bad

14St | 10 | 10 | 94.21 | 27.61 | Bad | 29St| 10 | 10 | 96.95 | 25.56 | Bad

15St| 10 | 10 | 93.22 | 28.36 | Bad | 30St| 10 | 10 | 95.18 | 26.89 | Bad

S (5-2) Al o LTie CulS sball duesi b (5) Jsandl b daasall i) i CPI ydise ail danilly Ll
Ob L3 LS cdgyaall adlgall aaeal Heavily Polluted ighil) saai M Sub-clean W legs dauas ol Jiad
5¢(25) adsall xie (6.875) N Jeail pdlgall (mny A lghegs (5355 a8 Cpedigall (A uilS Lagac paill J3I
hage s bl ducgi & Heaxill 13 ¢(5.872) (A deail Gaall oa allse le) L lege sladd) dac s Sa%
o 5l oball Cilaian Jasy (psibalgal) Lgigylay 3 ST ) L] 3ol 352 (CPLCCMEWQI)
) s Tl el (35S (gl e obaall ) I deslall sbiall oo dsese Aa€all ela¥) Jals Al il
bl daoall agaall g0 GuelSll 585 (aledsl () Liad) agay M g paal) slaall B Al LSl eeda )
(5-0 = 0.3) nall obua 8 Listhadll Cligivall 3gaall G55 Sl e % (48) ilS Cus (0.7 = 0.1) o
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Jagall dta a pea) iilal) slia) Gara b cydl) sla Baga Al

lal¥l iS5 gai o pads phall Glags gl ol Gl (LKl ssag shaind o aads b i Laie
Cun gl sluall daegi e lLle uSal @y JS (Oleiwi and Al-Dabbas,2022) sluall Jals dsjgaall
Bslaie il climll e % (75) b el WS %5 (33.9) ) Jeatl cljidll (a3 obiall Slha dnpy Caniy)
2 zawsall dgaall Bglaiall cliwll 2ae Jeail A5hl) Olsall LIS sk LSS GllS cldlle g el gaall
o LS (P> 0.01) Jis) (ggiss vie Jltia) (ggine die Bl Glays pe @5l ssinall Wbl (%24)
il o) dallae dasa ol ducgi autil (Al-Hamadany et al, 2021) du))s galaa¥ Al o3 ¢(6) Jgaad)
G Sl ba) dals aBlsall (G Al LSl sl JLSS uen obal) duegs (635 I tlgas ) baYly
141) Janass ' 0 axle (160) I decil (9 8 ¢7) Jshand) b Aissal) A0<H Apne Wl ligicnad suaill ¢ Lis3Y)
Aniiye iyl CulS) Apalall oda Yoly Jmgsagll (V) a8 il aid Al dxas slall Jlany La (8.37 2
) Al Alasal Al oliall el aeaall dlay e ) D lially dael)3lls dsaall Laslall slaall #3la Canesy
(7.40-6.11) o zobyal dalaall s (o Luews 48 2l culS Cus ((Al-Hamadany et al, 2021) sl
Gusine BAe 3335 G Opnd gilanl) Jdaill il s LS ¢(0.161% 7.162 — 0.108% 6.888) Janass

(P>0.01) Jlia) (ggina ic obaall Byl cilayy s dlle

CPI Jaagall canen duagpaall (3hliall LYY ol due gig 48 cad (5) Jgaall

Sites CPI Sites CPI
Values | Cate. | Quality Values | Cate. | Quality
St1| 3425 | 5 H.P | _ |Stl6| 2892 | 5 H.P
| st2] 2760 | 5 H.P | & |Sti7| 1094 | 4 M. P
g st3| 4571 | 5 H.P | S [st18| 1.900 | 4 M. P
S| st4| 3270 | 5 H.P | O |St19| 1.793 | 4 M. P
g St5| 2614 | 5 H.P St20 | 1.092 | 4 M. P
| St6| 5872 | 5 HP | _ |St2l] 0380 | 2 S.C
c | St7] 4153 | 5 HP | & |St22| 0297 | 2 S.C
< | St8| 0614 | 3 S.P | S |St23] 3375 | 5 H.P
St9| 1.112 | 4 M.P | & [st24]| 1.775 | 4 M. P
St10| 3654 | 5 H.P | £ |St25]| 6.875 | 5 H.P
o |St11] 2809 | 5 | HP | £ |St26| 1877 | 4 | M.P
= [St12| 1008 | 4 | M.P. | § [St27] 2282 | 5 H.P
c‘% St13| 2513 | 5 HP | 5 |St28| 0663 | 3 S.P
< |St14] 2811 | 5 HP | = [st29] 0362 | 2 S.C
St15| 1.866 | 4 M. P St30| 0381 | 2 S.C

Cate: Category., HP : Heavily Polluted., S.P: Slightly Poll.., M.P: Medium
Poll., S.C: Sub-clean.

(6) Jos

Para. | T.C PH DO EC T.A TH SOs NO; Na
T.C| 100
PH |.850** 1.00

47



Ssldal) uigs il e BURAKIE P Sl s 2& e

DO | .512* -017- 1.00

EC |-858- -459- -881- 1.00

T.A|-480- -870- .508* -.039- 1.00

TH |-319- 227 -977- 761~ -678- 1.00

SO4 | -.011- -536- .853* .504* -.883 .944* 1.00

NO;3 | -.927- -986- -.153- .603* .774 -059- .385 1.00

Na 804 371 .922* .995** 135 -820- .585* -523- 1.00

ol Al ddase e (Mohtfer et al,2022) dahs (o w8l (e bows 4 dllal) Lahall z5ln culS
W (7.94= 7.1) 0n ims gl 01 a8 g Cngli Al Qeagal) At o pead) sl 3 LSl el )y
daa e Byl Liall Slgied) e el G clulle Ly gacsall lisis) Gara culSh LSl Juasil) ad
+373.83 - +413.83) Jseais (483-349) (i caasls Cus ((Mustafa, 2022) 1 i Laake (150) ol
Cligd go daslall (gyine By 3gmg ) Openy lod) & i Gua Mo ey Sl (17.2136.87
(P> 0.05) s cljuilly cbin <) cilisd aa ssina By (p> 0.01) Jlia) (s5ise e S §puinlly pgdgual
Ay iy Jeagall daals (& ydll ol 835n auiil (Al-Taay et al, 2018) il =il ae a0 Gl 238
Sk (540 465) slami ol Al msdll ) Al ddasal Cuall obd (Al-Hamadany et al, 2021)
(6) slitiusls Liwai Zosgl asn olaal) i€ Cim il oY) il Sl Ay Wl el e Mo L Sian
Oan ilS 3 cflly bl G Suall e IS Gads Lad W Ll zsanall 3gall DL Bjglate Lgie %
(1.564+ 3.834 8.48+ 54.8 ¢16.54+ 206) Ve cily Al (WHO, 2017) c2pdll Algaaal) i sicsall
Bhall Glays Jane Grn Lsenally Loy zsacsal) Lial) 3gaall (pe Bl cul€ sylil) i (b Lualy o170 L aale
(Al-Gadi et al, 2023; Mothfer and '~ il . axle (0.6) aalllly (28.4) °C Cilyins dused H3Y (g5is Alailad]
I 5 aake (0.071# 0.428 — 0.059+ 0.323) Gm ayslill g <NV aea cingls 3 ¢Al-Saffawi, 2022)
oSl o ) Gugais Al duna JSLie Cues 3 Las

Al pia Basgs Ayl s il dugpaall ulaall ad ilsi (7) Jgaad)

1 2 3 4 5 6 7 8 9 10
Min 6.77 | 678 | 682 | 683 | 6.86 | 6.11 | 6.82 | 6.76 | 6.89 6.93
Max | 7.12 | 7.05 | 703 |705| 709 | 690 | 706 | 7.06 | 7.09 7.09

Ph Mea | 693 | 693 | 694 | 696| 698 | 6.77 | 691 | 693 | 6.96 | 6.98
+Sd | 012 | 011 | 0.07 | 0.08| 009 | 0.33 | 0.09 | 0.12 | 0.08 | 0.06
Min 6.40 | 6.00 | 520 |4.40| 6.00 | 6.20 | 6.00 | 6.30 | 560 | 6.20
DO Max | 7.20 | 7.20 | 7.40 | 750 | 7.20 | 7.80 | 740 | 7.20 | 7.80 | 7.80
Mea | 6.73 | 680 | 6.18 | 660 | 6.73 | 7.07 | 6.83 | 6.85 | 6.62 | 6.75
+Sd | 039 | 032 | 062 | 114|059 | 082 | 0.66 | 033 | 0.72 | 0.56
Min 348 372 365 | 383 | 364 | 359 369 361 373 380
Ecys Max 449 401 402 | 407 | 419 | 421 383 410 400 415

Mea 387 386 387 | 400 | 386 | 389 381 384 388 393
+Sd | 341 | 119 | 133 | 135|194 | 202 | 652 | 186 | 105 12.6
Min 180 180 176 | 184 | 168 | 180 168 184 160 192
T.H Max 212 208 212 | 208 | 208 | 209 212 208 208 208
Mea 195 194 195 | 194 | 191 | 201 199 198 199 202
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+ Sd 12.6 12.8 144 | 109 | 153 | 122 | 16.1 8.67 16.1 8.24
Min 120 120 128 128 | 126 128 124 128 128 120
T A Max 148 148 148 144 | 150 152 160 152 156 156
' Mea 138 139 138 141 | 138 137 136 141 138 135
+ Sd 9.60 10.4 748 | 892 | 120 | 109 | 134 8.37 10.7 135
Min 455 441 41.0 [ 39.0| 429 | 440 | 43.0 43.0 42.0 41.0
so2 | Max | 582 | 535 | 533 | 529|560 | 69.4 | 557 | 580 | 587 | 60.0
4 Mea 52.5 48.4 48.3 | 46.7 | 50.0 | 54.8 | 514 53.1 51.6 51.3
+Sd | 470 | 3.08 | 4.23 |5.01| 648 | 848 | 460 | 6.73 | 6.64 | 8.04
Min 2.99 2.96 292 1299 | 3.01 | 224 | 290 2.78 2.83 3.03
NO.L Max 6.77 6.77 6.78 | 6.56 | 6.76 | 6.90 | 3.75 3.99 3.49 3.82
3 Mea 3.93 3.94 3.83 | 384|389 | 319 | 3.35 3.29 3.35 3.31
+ Sd 1.41 1.47 147 |1.40 | 1.42 | 0.60 | 0.38 0.41 0.35 0.38
Min 0.29 0.13 0.13 | 028 | 0.29 | 0.29 | 0.29 0.29 0.28 0.29
== Max 0.46 0.53 053 | 040| 042 | 053 | 042 0.51 0.42 0.53
Mea 0.36 0.33 033 | 033|036 | 041 | 0.33 0.37 0.37 0.37
+Sd | 006 | 013 | 0.3 [0.04]0.05 | 0.09 | 007 | 0.08 | 0.05 | 0.10
Min | 030 | 0.30 | 0.30 |0.40| 010 | 0.10 | 0.10 | 0.30 | 0.30 | 0.30
o Max | 0.70 | 0.70 | 0.70 [0.70 | 060 | 0.70 | 050 | 0.70 | 0.70 | 0.70
Mea | 050 | 053 | 0.48 | 058 | 0.38 | 0.48 | 048 | 048 | 055 | 0.48
+5d | 017 | 019 | 018 |[0.13] 0.8 | 0.30 | 027 | 0.16 | 0.8 | 0.3
Min 23.0 23.0 230 |23.0| 23.0 | 220 | 22.0 22.0 22.0 22.0
Nat | Max | 20.0 | 290 | 29.0 | 29.0 | 290 | 290 | 29.0 | 29.0 | 280 | 290
Mea 25.2 25.3 252 | 253 | 25.2 | 25.7 | 25.8 25.8 26.0 26.0
+ Sd 2.23 2.25 223 | 225|223 | 242 | 232 2.48 2.45 2.37
Min 2.2 51 2.9 51 9.2 1.1 0.0 0.0 0.0 11
EC Max <16 9.2 <16 9.2 51 <16 9.2 2.2 51 51
' Mea 3.0 24 4.2 2.9 24 55 15 0.4 0.9 1.0
+ Sd 6.4 3.9 6.9 3.9 3.4 8.1 3.8 0.9 2.1 2.0

A pie Bangs Galai¥) s il dugpaal) pulaall ad il (8) Jgaal
1 2 3 4 5 [6 7 8 9 10
Min 6.77 6.86 6.78 6.65 6.74 6.73 6.74 6.84 6.84 6.84
Ph Max 7.05 7.07 7.14 7.15 7.10 7.09 7.02 0.53 7.09 7.04
Mea 6.89 6.89 6.89 6.89 6.91 6.90 6.89 6.93 6.95 6.94
+ Sd 0.11 0.11 0.13 0.17 0.15 0.13 0.11 0.08 0.10 0.08
Min 6.00 | 4.80 4.80 5.20 5.20 7.20 5.60 5.30 5.20 5.00
DO Max 8.00 8.20 7.40 6.80 7.30 8.10 7.60 7.20 7.60 7.40
Mea 6.73 6.30 5.90 5.93 6.38 7.18 6.80 6.42 6.23 6.13
+ Sd 0.86 1.16 0.99 0.64 0.79 0.04 0.72 0.77 0.86 0.89
Min | 388 | 379 | 376 | 369 | 375 | 379 | 385 | 376 | 353 | 379
Ec Max 408 425 449 392 400 416 417 414 397 404
% | Mea | 384 | 389 | 396 | 379 | 385 | 397 | 399 | 389 | 372 | 390
+ Sd 26.0 12.9 28.2 7.43 9.22 13.3 13.3 15.5 18.5 9.75
Min | 196 | 196 | 187 | 188 | 186 | 186 | 188 | 190 | 192 | 197
TH Max 208 212 208 208 208 212 236 208 218 236
' Mea | 199 | 201 | 204 | 199 | 198 | 199 | 206 | 202 | 204 | 206
+ Sd 5.32 5.89 11.0 8.26 8.04 9.99 16.5 7.20 9.47 15.8
Min 128 124 120 124 120 120 128 124 120 124
T A Max 152 152 144 152 144 144 152 152 152 144
' Mea 136 137 134 134 132 132 138 135 137 135
+ Sd 11.0 11.6 8.29 10.6 10.4 11.4 8.29 9.93 11.8 7.87
Min 443 | 45.2 44.0 45.0 44.9 43.0 41.0 | 41.0 43.0 39.0
50,2 Max 59.0 59.3 54.1 59.0 59.8 75.9 53.3 61.0 61.0 55.1
4 Mea 52.6 51.3 47.9 50.9 50.8 50.6 49.0 51.0 51.2 48.7
+Sd | 524 | 6.96 | 454 | 6.09 | 6.39 | 535 | 521 | 7.09 | 7.86 | 7.12
NO.L Min 211 1.56 1.40 1.54 2.13 1.59 2.83 251 2.67 2.19
3 Max 3.57 4.27 3.42 3.53 3.78 3.44 3.54 3.30 3.57 3.46
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Mea | 324 | 322 | 292 [ 307 | 325 | 295 | 323 | 3.05 | 3.21 | 3.06

+Sd | 061 | 1.04 | 0.74 | 078 | 059 | 0.70 | 0.27 | 033 | 0.40 | 0.49
Min | 029 | 023 | 036 | 032 | 023 | 031 | 030 | 0.26 | 0.24 | 0.30

L Max | 053 | 037 | 041 | 054 | 047 | 049 | 045 | 038 | 049 | 0.47
Mea | 033 | 032 | 039 | 041 | 034 | 038 | 035 | 0.33 | 0.38 | 0.36

+Sd | 0.03 | 0.06 | 0.02 | 0.09 | 0.08 | 0.08 | 0.06 | 0.04 | 0.09 | 0.07

Min | 0.10 | 0.10 | 0.40 | 0.30 | 0.10 | 0.10 | 0.10 | 0.30 | 0.30 | 0.30

cl Max | 0.70 | 0.70 | 0.70 | 0.80 | 0.80 | 1.00 | 0.80 | 0.60 | 0.70 | 0.80
Mea | 042 | 0.60 | 052 | 050 | 0.68 | 057 | 0.40 | 0.43 | 0.53 | 0.57

+£Sd | 020 | 0.22 | 0.09 | 0.16 | 0.23 | 029 | 0.23 | 0.12 | 0.137 | 0.18

Min | 22.0 | 22.0 | 220 | 220 | 210 | 220 | 220 | 210 | 210 | 10.0

Natl | Max | 290 | 280 | 280 | 280 | 280 | 280 | 280 | 280 | 290 | 29.0
Mea | 255 | 253 | 253 | 255 | 253 | 255 | 257 | 257 | 257 | 24.0

+S8d | 295 | 273 | 273 | 251 | 280 | 251 | 234 | 280 | 2.88 | 7.01

Min | 0.0 0.0 5.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0

FC Max 16 5.1 9.2 16 9.2 16 5.1 9.2 9.2 5.1
: Mea | 2.6 0.8 2.3 2.6 1.5 2.6 0.8 1.5 1.5 0.8
+Sd | 65 2.0 3.9 6.5 37 6.5 2.0 3.7 37 2.0

A pie Basgs Coamigall (o3 clisnd dugpaall ulaall ad il (9) Jgaad

1 2 3 4 5 6 7 8 9 10

Min | 670 | 671 | 665 | 6.77 | 698 | 6.85 | 6.87 | 6.85 | 6.81 | 6.78

Ph Max | 711 | 7.20 | 7.23 | 733 | 740 | 731 | 732 | 726 | 7.27 | 7.24
Mea | 699 | 7.03 | 7.02 | 710 | 7.16 | 7.11 | 7.11 | 7.07 | 7.06 | 7.07

+Sd | 017 | 019 | 021 | 021 | 016 | 0.18 | 0.19 | 0.16 | 0.17 | 0.18

Min | 480 | 440 | 6.00 | 440 | 520 | 560 | 480 | 480 | 560 | 4.40

DO Max | 7.60 | 7.60 | 8.00 | 7.80 | 7.80 | 7.60 | 7.60 | 7.60 | 7.60 | 7.60
Mea | 6.20 | 6.00 | 6.27 | 590 | 6.40 | 6.40 | 6.13 | 6.33 | 6.48 | 5.98

+Sd | 097 | 1.04 | 1.06 | 1.13 | 1.04 | 0.80 | 097 | 112 | 0.69 | 1.08

Min | 374 | 356 | 358 | 349 | 382 | 377 | 372 | 369 | 364 | 361

Ec Max | 398 | 433 | 407 | 404 | 415 | 416 | 405 | 394 | 411 | 394
% | Mea | 388 | 391 | 386 | 389 | 414 | 397 | 384 | 382 | 386 | 375
+Sd | 889 | 248 | 161 | 271 | 369 | 17.7 | 205 | 833 | 161 | 17.2

Min | 184 | 196 | 184 | 196 | 184 | 184 | 192 | 192 | 196 | 184

T | Max | 216 | 220 | 204 | 216 | 212 | 212 | 216 | 210 | 212 | 216
: Mea | 204 | 202 | 199 | 206 | 202 | 201 | 204 | 201 | 204 | 203
+£Sd | 110 | 118 | 927 | 7.00 | 972 | 944 | 927 | 784 | 6.74 | 11.7

Min | 124 | 120 | 120 | 124 | 120 | 128 | 136 | 120 | 124 | 128

T A | Max | 144 | 148 | 148 | 136 | 150 | 148 | 144 | 150 | 148 | 148
' Mea | 133 | 133 | 135 | 130 | 133 | 135 | 138 | 132 | 135 | 139
+Sd | 9.00 | 11.2 | 103 | 490 | 106 | 6.89 | 3.35 | 10.2 | 855 | 7.76

Min | 352 | 404 | 402 | 350 | 404 | 482 | 46.0 | 470 | 46.0 | 42.0

so,2 | Max | 545 | 560 | 591 | 59.2 | 500 | 562 | 620 | 580 | 610 | 614
4 Mea | 486 | 489 | 504 | 46.8 | 51.4 | 51.7 | 52.7 | 525 | 53.0 | 49.0
+Sd | 741 | 681 | 836 | 9.06 | 7.42 | 448 | 7.17 | 411 | 576 | 9.52

Min | 245 | 248 | 174 | 212 | 175 | 183 | 227 | 212 | 1.78 | 2.31

NOL | Max | 670 | 671 | 665 | 677 | 7.10 | 6.85 | 6.78 | 6.85 | 681 | 6.78
s Mea | 3.83 | 379 | 3.74 | 383 | 3.78 | 3.75 | 388 | 3.77 | 3.72 | 3.83
+Sd | 148 | 150 | 1.60 | 1.56 | 1.78 | 1.66 | 157 | 161 | 1.68 | 154

Min | 033 | 035 | 036 | 032 | 027 | 030 | 033 | 031 | 032 | 0.34

L Max | 058 | 050 | 0.48 | 051 | 047 | 052 | 0.48 | 0.44 | 056 | 0.56
Mea | 042 | 042 | 041 | 041 | 035 | 039 | 039 | 037 | 0.36 | 0.39

+Sd | 0.07 | 0.07 | 0.04 | 0.06 | 0.07 | 008 | 0.05 | 0.07 | 0.08 | 0.08

Min | 030 | 030 | 030 | 030 | 0.30 | 0.30 | 0.30 | 0.10 | 0.10 | 0.10

cl Max | 1.00 | 0.60 | 1.00 | 1.00 | 0.70 | 0.80 | 0.50 | 0.70 | 0.50 | 1.00
Mea | 057 | 040 | 057 | 062 | 057 | 053 | 0.37 | 045 | 0.47 | 0.53

+Sd | 026 | 014 | 0.26 | 023 | 015 | 0.16 | 0.10 | 0.24 | 0.35 | 0.32

Na™ | Min | 22.0 | 230 | 220 | 220 | 230 | 220 | 22.0 | 220 | 21.0 | 21.0
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Max | 270 | 270 | 270 | 270 | 270 | 27.0 | 270 | 270 | 27.0 | 27.0
Mea | 25.0 | 252 | 248 | 248 | 250 | 248 | 248 | 248 | 245 | 245
+Sd | 210 | 160 | 2.04 | 204 | 179 | 2.04 | 2.04 | 204 | 217 | 2.17
Min 0.0 0.0 2.2 2.2 2.2 2.2 2.2 0.0 0.0 0.0
Max 0.0 0.0 16 5.1 16 5.1 9.2 2.2 0.0 0.0

FC 1 Mea | 00 | 00 | 30 | 12 | 65 | 15 | 19 | 03 | 00 | 00
+sd | 00 | 00 | 64 | 20 | 75 | 20 | 66 | 08 | 00 | 00
Conclusions & Recommendations Gilua gilly calalisiay)
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Abstract

During the current study, both licorice roots and broccoli fruits were taken from the
local markets of the city of Mosul for the purpose of separating and identifying some active
compounds, which included the use of the polar solvent ethanol for the purpose of liberating
the phenolic compounds from the sugar compounds associated with them. The process of acid
hydrolysis of the ethanolic extract was conducted and then these compounds were identified.

Using high-performance liquid chromatography (HPLC) technology.

From a biological standpoint, plant extracts of licorice roots and broccoli plants were
used on H.pylori bacteria, which were identified through molecular and biochemical methods
to verify the effect of these extracts on bacteria through the inhibition of bacterial growth in

dishes.

On the other hand, the inhibitory effect of licorice root extract and broccoli on
H.pylori bacteria varied. In the ethanolic extract of licorice, the highest diameter of inhibition
was 13 mm at a concentration of 200 mg/mm, while the lowest diameter of inhibition of
bacterial growth was 4 mm at a concentration of 25 mg/mm. The ethanolic extract of broccoli
plants had the highest inhibition diameter of 8 mm at a concentration of 200 mg/mm and the
lowest diameter of inhibition was 4 mm at a concentration of 100 mg/mm. Also, the results of
the antibiotics that were used during the current study varied, as the highest diameter of
inhibition was 20 mm for the antibiotic Ciprofloxacin, while it was less The diameter of
inhibition was 3 mm for the antibiotic Cefotaxine.

Keywords: HPLC, broccoli, licorice, H.pylori , Mosul.
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gelas gl e (gomy (838D Balins alsn 53 sk (mela sgé Gallic acid Sye Wi ¢( 2019 ., (golal)
Sle sasa Caffeic acid Wi « ( Chiocchetti et al., 2020 ) C7H605 Livall disias by s
Lgaliliay Asball dgeall AESH Ayl SLSHal) aaf sayg SBLA auen (& dng ALy Algid Liilag Cilesana
ey pdll (B Sl (s5ie it o Jeny ) Bane gailadRUtING Jsidl) el Saag L (2013, 51

. (2023, gyseall) 528 slians Digadll ue s pngas olac S

HPLC ) 4 cuaddiy ciluad Y (Brassica) Syl clal dulgibl) bl g (2) ds

0.1635 3.12 3.10 Qurcetine | 1
0.4062 3.91 3.90 Gallicacid | 2
0.1472 6.16 6.15 Rutin | 3
0.2222 6.98 6.93 Kaempferol | 4

Caffeicacid | 5

Ferulic acid | 6
0.1675 7.91 7.90 Luteolin | 7
0.2118 9.26 9.25 Apigenin | 8

HPLC ) 48y cuaddg alabd ) (Glycyrrhizin)gusad) @ ol Algidl) GlSpal) puag (3) Jsts

0.1462 2.05 2.05 Caffeic acid | 1
0.3115 3.91 3.90 Gallicacid | 2
0.2032 5.25 5.08 Ferulic acid | 3
0.0869 6.15 6.15 Rutin | 4
Kaempferol | 5

Quircetine | 6

0.1391 7.91 7.90 Luteolin | 7
0.1820 9.20 9.25 Apigenin | 8
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09/06/2024 03:20 pm Chromatogram F:\ caffeic acid 10 ppm .PRM Page 1of 1
. Chromatography Laboratory
HPLC
Sample Info:
Sample ID : caffeic acid 10 ppm Amount 0
Sample : caffeic acid 10 ppm ISTD Amount 0
Inj. Volume [mL] : 0.1 Dilution 1
Autostop : 20.00 min External Start  : Start- Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
1.2
1.0
&
o~
0.8
s
S
=
e
g 0.6
0.4
0.2
0.0 /J
0 2 4 6 8 10 12 14
[min.]
Result chromatography Table (Uncal - F:\ caffeic acid 10 ppm )
N Reten. Time Area Height Area Height W05 Compound
il [min] [mAU.s] [mAU] [%] [%] [min] Name
>3 2.05 1425.98 870.14 100.00 100.00 0.25
Total 142598 870.14 100.00 100.00

Sl Ll silagS Ao gl s HPLC 4 aladiuly paddal) Caffeic acid (sl cipall oulidl) Aadall (1) Jsa
.83 2,05 laia¥ o) is
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09/06/2024 03:20 pm Chromatogram F:\ gallic acid 5 ppm .PRM Page 1 of 1
‘ Chromatography Laboratory
HPLC
Sample Info:
Sample ID : gallic acid 5 ppm Amount o]
Sample : gallic acid 5 ppm ISTD Amount o]
Inj. Volume [mL] 01! Dilution
Autostop : 20.00 min External Start : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
1.2
1.0
o
o]
0.8 by
f=4
S
g_ 0.6
g O
<
0.4
0.2
0.0
0 2 4 6 8 10 12 14
[min.]
Result chromatography Table (Uncal - F:\ gallic acid 5 ppm)
N Reten. Time Area Height Area Height W05 Compound
o [min] [mAU.s] [mAU] [%] [%] [min] Name
1 3.90 1265.49 794.80 100.00 100.00 0.25
Total 1265.49 794.80 100.00 100.00

de jlgal) Wilegilag S e gk i) HPLC 44 pladinl paddall Galic acid gl oSHall aubdll ialall (2) Jil)
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09/06/2024 03:20 pm Chromatogram F:\ Ferulic acid 10 ppm .PRM Page 1of 1
. Chromatography Laboratory
HPLC
Sample Info:
Sample ID : Ferulic acid 10 ppm Amount 0
Sample : Ferulic acid 10 ppm ISTD Amount 0
Inj. Volume [mL] : 0.1 Dilution 1
Autostop : 20.00 min External Start i Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
12
1.0 @
=1
i
0.8
o
S
=
2
§ 0.6
0.4
0.2
0.0 JJ
0 2 4 6 8 10 12 14
[min.]
Result chromatography Table (Uncal - F:\ Ferulic acid 10 ppm )
N Reten, Time Area Height Area Height W05 Compound
2 [min] [mAU.s] [mAU] %] [%] [min] Name
1 5.08 1680.90 925.44 100.00 100.00 0.25
Total 1680.90 925.44 100.00 100.00

Jeall g gilag S o gl sl
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09/06/2024 03:20 pm Chromatogram F:\ Rutin 5 ppm .PRM Page 1of 1
‘ Chromatography Laboratory
HPLC
Sample Info:
Sample ID : Rutin 5 ppm Amount 0
Sample : Rutin 5 ppm ISTD Amount [s]
Inj. Volume [mL] : 0.1 Dilution
Autostop : 20.00 min External Start : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
1.2
1.0
0.8 a
"]
o
S
E=
=3
g 0.6
0.4
0.2
0.0 IJ
0 2 4 6 8 10 12 14
[min.]
Result chromatography Table (Uncal - F:\ Rutin 5 ppm )
N Reten. Time Area Height Area Height W05 Compound
9 [min] [mAU.s] [mAU] [%] [%] [min] Name
1 6.15 1897.08 694.75 100.00 100.00 0.25
Total 1897.08 694.75 100.00 100.00

o0 sjleal) LiE silagS o seh ol HPLC Al alaiiul oaddadl RULN lsill) cifiall abidl) iaid) (4) J<al

65

.63 6.15 jlaiay)



H.pylori L Ae Broccolis gased) @ (paliiunl A i) dllesdl)

09/06f2024 03:20 pm Chromatogram F:\ kaempferol 5 ppm .PRM Page 1 of 1
. Chromatography Laboratory
HPLC
Sample Info:
Sample ID : kaempferol 5 ppm Amount o]
Sample : kaempferol 5 ppm ISTD Amount 0
Inj. Volume [mL] #0210 Dilution 1
Autostop : 20.00 min External Start : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
12
1.0
0.8
< ]
2 &
g- o
2 0.6
<<
0.4
0.2
0.0
0 2 4 6 8 10 12 14
[min.]
Result chromatography Table (Uncal - F:\ kaempferol 5 ppm )
N Reten. Time Area Height Area Height W05 Compound
9 [min] [mAU.s] [mAU] [%] [%] [min] Name
1 6.93 1245.90 601.47 100.00 100.00 0.25
Total 1245.90 601.47 100.00 100.00

die jlgal) Lajegilag S o gl i) HPLC 448 aladiul geddall Kaempferol A9l Gl b)) el (5) Jad
(383 6.93 jladial) (m)
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09/062024 03:20 pm Chromatogram F:\ qurcetine 5 ppm .PRM Page 1 of 1
. Chromatography Laboratory
HPLC
Sample Info:
Sample ID : qurcetine 5 ppm Amount 0
Sample : qurcetine 5 ppm ISTD Amount 0
Inj. Volume [mL] : 0.1 Dilution 1
Autostop : 20.00 min External Start : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
1.2
1.0
0.8
f
S
£
2 0.6 =)
< ]
0.4
0.2
0.0
0 2 4 6 8 10 12 14
[min.]
Result chromatography Table (Uncal - F:\ qurcetine 5 ppm )
N Reten. Time Area Height Area Height W05 Compound
0 [min] [mAU.s] [mAU] [%] [%] [min] Name
1 3.10 1854.98 500.12 100.00 100.00 0.25
Total 1854.98 500.12 100.00 100.00

de lgal LaegilagS o gk o) HPLC 448 aladialy  adudal) Qurceting (Asisdl) wipll wbidl) iaiall 1(6) Jid)
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09/06/2024 03:20 pm Chromatogram F:\ luteolin 5 ppm .PRM Page 1of 1
. Chromatography Laboratory
HPLC
Sample Info:
Sample ID ¢ luteolin 5 ppm Amount 0
Sample : luteolin 5 ppm ISTD Amount 0
Inj. Volume [mL] : 0.1 Dilution
Autostop : 20.00 min External Start : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
1.2
1.0
&
~
0.8
s
8
=3
g 0.6
0.4
0.2 /\J
0.0
0 2 4 6 8 10 12 14
[min.]
Result chromatography Table (Uncal - F:\ luteolin 5 ppm )
N Reten, Time Area Height Area Height W05 Compound
e [min] [mAU.s] [mAU] [%] [%] [min] Name
53 7.90 1874.90 865.98 100.00 100.00 0.25
Total 1874.90 865.98 100.00 100.00

de jlgal) Ldjsgilag S Ao jgb ¢¥ HPLC A3 pladiul paddall Luteolin Al Qall ulidll (adal) :(7) sl
(383 7.90 ladial) (m)
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09/06/2024 03:20 pm Chromatogram F:\ apigenin 5 ppm .PRM Page 1of 1
. Chromatography Laboratory
HPLC
Sample Info:
Sample ID : apigenin 5 ppm Amount 0
Sample : apigenin 5 ppm ISTD Amount 0
Inj. Volume [mL] 04 Dilution 1
Autostop : 20.00 min External Start : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
1.2
1.0
wn
€
o
0.8
c
2
g
g 0.6
0.4
0.2
0.0 ’J
0 2 4 6 8 10 12 14
[min.]
Result chromatography Table (Uncal - F:\ apigenin 5 ppm )
N Reten, Time Area Height Area Height W05 Compound
o [min] [mAU.s] [mAU] [%] [%] [min] Name
1 9.25 1324.08 874.14 100.00 100.00 0.25
Total 1324.08 871.14 100.00 100.00

aie lgall Lajegilag S Ao gl sl HPLC 4t pladiuly  eddal) Qurcetine (Asiudll il oabidl) aial) :(8) J<id)
(383 9.25 ladial) (m)
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09/06/2024 03:20 pm Chromatogram F:\ Glycyrrhizin .PRM Page 1 of 1
‘ Chromatography Laboratory
HPLC
Sample Info:
Sample ID : Glycyrrhizin Amount 0
Sample : Glycyrrhizin ISTD Amount 0
Inj. Volume [mL] : 0.1 Dilution 1
Autostop : 20.00 min External Start  : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
1.2
1.0
5
o ]
s =]
0.8 - o |
b=~ o
kS o
g
2 06 8 0
g o ©
0.4
0.2
0.0
0 2 4 6 8 10 12 14
[min.]

Result chromatography Table (Uncal - F:\ Glycyrrhizin)

No Reten._ Time Area Height Area Height Wpi Compound

[min] [mAU.s] [mAU] [%] [%] [min] Name

1 2.05 521498 580.47 15.00 15.00 0.10

2 391 9856.98 820.66 18.00 18.00 0.15

3 5.25 8541.66 833.65 18.00 18.00 0.15

4 6.15 4125.98 584.14 15.00 15.00 0.10

5 7.91 6521.45 690.58 17.00 17.00 0.13

6 9.20 6025.90 720,65 17.00 17.00 0.13
Total 40286.98 4230.15 100.00 100.00

couged) @e Gl HPLC A aladiul caadd ) Aily) alidieall b Ldgidl) albal):(9) Jal
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09/06f2024 03:20 pm Chromatogram F:\ Brassica .PRM Page 1 of 1
‘ Chromatography Laboratory
HPLC

Sample Info:

Sample ID : Brassica Amount 0
Sample : Brassica ISTD Amount o]
Inj. Volume [mL] # 021! Dilution 1
Autostop : 20.00 min External Start : Start - Restart, Down
Detector 1 : Detector 3 Range 1 : Bipolar, 2000 mAU, 10 Samp. per Sec.
Subtraction Chromatogram : (None) Matching : No Change
[mA]
152
=
o
1.0 L
5
0.8 o &
= o
kel
g e 8 8
2 0.6 G o a
<<
0.4
0.2
0.0
0 2 4 6 8 10 12 14

[min.]

Result chromatography Table (Uncal - F:\ Brassica)

No Reten._ Time Area Height Area Height W_05 Compound
[min] [mAU.s] [mAU] [%] [%] [min] Name

1 312 7584.14 702.65 17.00 17.00 0.10

2 391 12852.11 960.80 21.00 21.00 0.15

3 6.16 6985.08 501.55 15.00 15.00 0.08

4 6.98 692265 502.98 15.00 15.00 0.08

5 791 7852.14 701.80 17.00 17.00 0.10

6 9.26 7011.45 502.66 15.00 15.00 0.08
Total 46951.40 3874.12 100.00 100.00

- Sl QL HPLC A aladiul cuaadds () Agily) paliioal) b Audgidl) lyall:(10) Jal)
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H.pylori LS Ao 4ol clalitual ddauil) Ldledl) il

S5 Aul (UABY) o e s LS ol claliied  Rdedl Al ool
Al e Al (el Bare Jlas e Alg el LK e (125,50,100,200)

Helicobacter pylori LS e Ayl bl Al paliiuwall A iil) ddladl) qilii (4) Jga>

Helicobacter pylori Syl '
e - X ual'a.\u.d\ e 9
plo/layil) Hlad Jafpala
8a 200
4b 100
ALY paliinns
Oc 50
Oc 25

e and) lgnns e Lsine (alias ol and Cipall cial ) edlabedl Lalely (ulie Linll 5503 Jli e
P> 0.01dWia) (ssiwe

S JST ) K Jleatinly s Lapfoll 550y jlad Jaas @
Db A S5l 8y 3 Jell) alitie of lgle Jseasll & ) (4) Jsaad) il a5l e us
Db (Ja [ pike 200) SN vie davin ot gll 3 i)l b dlasioall LSl e Uy Glas
550) S5 die ela ol Lay ale (4) Lanin Hhats (dafpale 100) 5:S5l die Jauis Jil ale (8) Lo
Sl s (gf (Uofpile 25
oo ¢ oangl) Sleall CligSae gai it e i IS5l e el skl 3auSY) sliae o)
Clig eall salian pailiad elid Glhsilul) of cufi Con (OLLEDU salias Gl Lk maw
O Bl Jeall aacty Olhyadly Catill Z3e 8 Aaladinl b hais ¢ 5w Baliany oyl saliass
Alsgll Cag (8 by Sall salian ailad el adf i My il 3k e Alsl Ky l)sald)
. (Pazos et al .,2023) &ldl Cag lall Ul 3 elaa¥) agmg Soe o il Al Liadl @lligs
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H.pylori L (Ao Ay ll 5l AN paliiuall il s (4) Bsa
Jafarde 200 S5
Jafarde 100 S5
Jefpida 5O 3.5
Jefpida 25 355

Helicobacter pylori Li$ Ao qugad) oo Jgdad Aglhy) galiiuall dubay i) dulladl) il (5) Jga>

10b 100
Y paliiue
6¢ 50
4d 25

sie Gandl W ge Ustne ilids ol andi Capal) @dal ) eDlleal) Lolely Gulie Jnadill 5303 L
P>0.01 Jlas) (s5ie

LS IS ) S Jlerialy s Ll 5y el Jaes

il 41 Qs el ysda 8 SN Galities o Lede Jseant) @3 ) (5) Jsandl (bl il (pa
Ll (de /[ pale 200) SN vie dagin o) pelf s il b Alaiodl) LK) e Gl
ol (4) shis Jofaile 25 35 e (< Janin Sy ale (13)
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CligySae o Chast Gl b ge Baall daji Cadas o Gesadl Bie (A dsasall 253l Jary LS
Baliae il Gy 3 Lo cdegiie Al pallad Gesadl (e edad Cus Ahlad) LAY yaas Gukans sleaYl
Al gy Augeall A8l e Jaleally deliall (haadg ol saliasy cilug yuill Baliaay LyaSill saliasy cililgaDul
-(Bataineh et al .,2023)

Glapy) Gl Gob oo LS ga b PA Ge LysSll sbiadl Ll e iy lads Lad ek
(Guo et al .,2024) slaal) Lile sy Lda) clie 0usS e ikl dsyaKd)

Shen et sadll i Jhladl claall e Vs WEy 5ib gole e Lokl WA S 55

.(al.,2023)
H.pylori WS o Gusadl (8 st AN paliiuall 456 iass (5) §sa
Jafpila 200 35 .1
Jafaile 100 355 .2
Jafpila 50 35 .3
Jafpida 25 555 4

H.pylori s Ao dugaaldl claliaa) il

H.pylori LS Ao dygual) clabiaall 86 (6) Jsas

CRO | CTX | TE C AK | MEM | PRL | CIP | CN | CAZ ERTNRICA]

10 | 30 | 10 | 10 | 10 | 10 | 100 | 10 | 10 | 30 | ailo/olad) 5S35
4 3 0 6 9 | 15 | 11 | 20 | 12 | 8 alo/layill L
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Slcaall o (20) dasdill Sl el (€ Gum (LS gad e dugadl claliad) 586 (6) Jsaall G
. Cefotaxime (gpall slcadll Ja (3') 5o Laiull ,kas (il Ciprofloxacin (ssal

g 58 On Lo A sghaall dalse e uaal) Y abal) Glas] o LSl 58 2500

S 5 ol W s Sl s el clal) Lo Digald) cliliaall b sy GlLaY) Sy Cauadl

G Lyl diyla Calidsy Al las o i Ay clan g€ o 5l caguseq S DNA Lo sl claisy)
(2022 .. ouelll) (ol sliad) L) ity ) e el

Galll dulyy Aaii ae daile ilil) cul€ Eus Ciprofloxacin ggpall sleaall dulus il &Yall o)

Cald) &b dyliey Ml B Jo) dadS anladiad ) daball cuadls o Seck et al ., 2009)

O Bl aia daglaall DNA gyrase s kb (e slaaddl Jarsg « (Kulsuntiwong et al ., 2008)

Francesco et al quinolone  (gpall sliaall daglaall slalia & Lodais Cpgat ) (53539 aaii¥ly sliadl)
. (.,2012)

. H.pylori Zagial Al clabiaall (e a5 qUInOlONe lalias degans (10 Ciprofloxacin s

pladiad 5la) Ao jig syallall sdag L) dauly dabidall Ligal) cilaliaall dagliall Gt CulS 208 Laa
gsis Lihaall ghlidly Geially jeall e olap Ligad) clabiad) Zoslie G callall sladl gues 3 el
.(Francesco et al .,2012 )4iaig (sl

e Alie Al AlaY) Lass (S G llia ) dgey dugaad) claliaall dagladd Gl aal e )
BAS e dlumb ¢ agmagag KU A30 daglia 29ng 5l aseugag KU a8 chilal) dain Lagiyall ALl Jlativd L
35S5 dugaall Clabiaal) 03] dasliall (1o Lei€a duald iy & H.pylOri gai Laddy dugall clabiadll lassad
. (Khademi et al .,2014) dluals <yl
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H.pylori Lt Ao ggaal) bl 6 geagi (6) Bisma

AK mgl0 -6 CAZ mg30 -1
C mgl10 -7 CN mgl0 -2

TE mgl0 -8 CIP mgl0 -3
CTX mg30 -9 PRL mgl00 -4
CRO mg10 -10 MEM mgl0 -5

JJI—&AAS‘

gl jalaal)

layilis Lo Algjaall LS silaadd) (mmy (e Alladl) SLSpall (mny (kg Jud .(2019) 22 2eadf claaa c(gsliyall
LBlall Jeagall dnaln cdd ) oslall Al 40 ¢ pivnle Al Apca el LAY (8 sliadl)

Ly Al Carum carvi caushSll s e dualall milgill Gans Gandiy Jead (2020 ) Jus we csdes
<Al deasall daals lill A pl) S ¢ jieale Al dunslsld) Lgidlad

D)l e LIl aala gy Adgiall LSHall (s (aiidiy duad (2018) Glale byl daklh ¢ glals ol (gagglal
A ped) LS el (ans e Laysl dulyg 1 clasl)

by Aaudall L) (e W)Y Akl sl e 2 iy Jusd (2014 ) lale sy Aakali ¢ ool
O Jmal) bl g ) ally ALY

s avil) layal duyg 5Kl Gl Hehl Aladll slgall (e 30 (et Jusd (2014) 3sane sy L ¢ S
Jeagall daals ddyall aslall du all JS ¢ pficale Al Ao paall Aislodll LidiyiiYls dall) dpagiinl) ysall (Jagiyn
.Gyl

Cyperus rotundus . sl cls cliyal Aladll algall (e 20a] Sl egill Jeail) (2022) pile alin slae ¢ gl
LGhal) Jeasal) dala ¢ Slall Al A0S ¢ il ALy LSl gl Gl aliaall layils dudyag L
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Lyl Al )y ysmall sl Caliaal (mms 3yl (e Adsidl) Gl (adainl ' ((2013) el , jsuaic t daal gl 7

2014 — S8 23l 30 alaal) Balud) aslell 3des daals Alad’ aihall gl (e

Qidy il b Ll Asbesl ClisSaly (Bygll palsd 8 Lty G Sl (12020 ) D dgena 855 ¢ Sgdall .8
Aol A iale Al (g dbilae & 4l Altissima ( Mill) Single Ailanthus ulll gl sl

10.

11.

hall Jeagall drala bl
tduial) jalaall
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Abstract

The current study aimed to identify the effect of hookah smoking on the health of
smokers of this type of smoking, as this phenomenon has spread widely in the recent period
among all segments of society, especially among young men and women. Samples for the
current study were collected from people who used this type of smoking from the month of
December. 2023 until February 2024, with 95 samples, where some physiological variables
were measured, which included (blood pressure, hemoglobin concentration, volume of packed
blood cells, number of red blood cells, white blood cells, and number of platelets) , and it was
compared with (30) blood samples collected from healthy people and non-smokers. As a

control group.

The results of the current study showed clear variations in the numbers, values, and
concentrations of these variables studied under the current study. , Blood pressure among
those who smoked this type of smoking increased by (52.64%)., Hemoglobin concentration
also showed an increase by (5, 3, 5, and 5%), respectively. According to the types of flavors,
the percentage of increase in hemoglobin concentration and the number of the three
compounds was (7, 10, and 11%) , As for the volume of the packed cells volume, it also
showed an increase, at rates of (12, 10, 11, and 12%), respectively, and according to the types
of the four flavors, while the percentages of increase were According to the number of flavors
(14, 17, and 18%), while the number of red blood cells showed a clear increase in the blood of
these smokers according to the type of flavor and the number of flavors, the highest
percentage of increase in the flavor of the mixture was (30%), and its highest percentage was
in the number of flavors (more than 7) It is (28%) compared to the control group. While the
number of white blood cells showed a clear increase in the blood of these smokers according
to the type of flavor and the number of flavors, the highest percentage of increase was in the

mint flavor (80%), and its highest percentage was in the number of flavors. (More than 7),
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which is (45%) compared to the control group. As for the number of platelets, it reached its
highest percentage of increase in the flavor of the problem, which is (30%), and its highest
percentage in the number of platelets (more than 7), which is (31%). compared with the

control group

Key Words: hookah,Variable , blood pressure , blood cells, constructions
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Abstract

The increase in demand for building materials and stones in recent years has led to the
expansion of random quarrying. Therefore, the current study highlights the environmental
impact of gypsum rock quarries in the Almulawatha area in Nineveh Governorate, northern
Irag. The aims of the study are to evaluate the gypsum rocks of the Fatha Formation within
Nineveh Governorate, specifically in Almulawatha area, where the rocks were evaluated
environmentally and engineeringly to demonstrate their suitability for various uses. As well as
studying the impact of rock quarrying and the environmental and geological problems it
causes. This study focused on the environmental and geological impact resulting from these
quarries.

Field surveys and field studies were conducted to determine the field physical and
geotechnical properties of the region's rocks, in addition to sampling them for the purpose of
laboratory study to determine their engineering properties. Field observations and satellite
images monitoring have shown the massive expansion of random quarrying operations in the
environment of the study area in terms of the spread of large holes and high rock cuts, which
will ultimately lead to the formation of swamps and the occurrence of rock slides. It was also
noted that all types of extracted rocks are used in the plaster industry, and this has a major
negative impact, as the use of the erosion-resistant type in the plaster industry is considered an
economic waste. Moreover, the erosion-resistant type is also characterized by the presence of
textile veins in it, which gives it an aesthetic appeal when used for packaging purposes. The
study area is a low hills, and as a result of the spread of quarrying operations, it has an unclear
topography due to the absence of well-studied scientific plans, and the quarrying work being
limited to the easiest and cheapest quarrying methods, which has led to a significant distortion
of the region’s environment.

Keywords: Gypsum, Nineveh Governorate, rock quarry, environmental Impact.
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Abstract

The study aimed to assess the impact of irrigation with water contaminated by oil waste on
certain growth traits of two field plant species, namely pea (Pisum sativum) and broad bean
(Vicia faba). The traits examined included germination rate, plant height, leaf count, and
number of lateral branches.

Seeds were planted in plastic pots under suitable growing conditions, including temperature
and light, and were irrigated with water contaminated by petroleum derivatives. A pot of each
species was also planted for comparison and irrigated with clean water under the same
conditions to highlight differences in plant growth.

The results indicated a slight negative effect on pea plants, as irrigation with contaminated
water reduced plant height to an average of approximately 24.1 cm. However, the number of
leaves increased to an average of 211 leaves, despite the smaller size of the leaves compared
to those of the control plants. The number of lateral branches in pea plants decreased,
averaging 24.1 branches, and flowering and fruiting occurred in limited quantities.

In contrast, broad bean plants were significantly affected by the contaminated water, failing to
withstand the polluted conditions, with a maximum average height of only 12 cm. The plants
began to reduce leaf size and exhibited wilting and mortality by the 50th day of germination.

Keywords: water pollution, petroleum pollution, morphological characteristics, number of
leaves, irrigation water, lateral branches, plant.
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Abstract

Micro-plastics (MPs) pollution is an increasing concern worldwide, and various
methods are being investigated to reduce it. This study aimed to evaluate the biodegradation
capacity of MPs by bacteria isolated from the washing tank in the polyvinyl chloride (PVC)
pipe factory. Over 60 days, bacterial isolates were incubated with plastic pieces in mineral salt
media. These strains were identified as Aderomonas hyrophila (B1), Shouchella clausi (B2),
Staphylococcus hominis (B3), and Bacillus sporothermodurans (B4). To determine the
biodegradation of micro-polyvinyl chloride plastic (Micro-PVC plastic). After incubation,
three methods were selected: Fourier transform infrared (FTIR) analysis, gas chromatography-
mass spectrometry (GC-MS), and weight loss experiments. The FTIR analysis demonstrated
changing peaks, indicating stretching, bending, and formation of new bonds of the Micro-
PVC treated compared with the control. A GC-MS analysis revealed the formation of
carboxylic acid and some new compounds during the decomposition of Micro-PVC. The
results of the weight loss experiment for microbial strains B1, B2, B3, B4, and Microbial
Consortium (MC) bacteria were 13%, 18.3%, 21.7%, 8.3% and 33.3%, respectively. The MC
was prepared by combining all four bacteria isolates .In the present study, bacterial
consortium strains have demonstrated a high rate of degradation for Micro-PVC plastic. These
species of bacteria can biodegrade plastics in nature, making them an ideal basis for
eliminating difficult contaminants.

Keywords: Biodegradation, Bio-deterioration, FTIR, Micro-Plastic, GC-MS, Polyvinyl
Chloride.
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Introduction

Plastic is a fantastic material that can easily be shaped into a range of shapes.
Increasing amounts of plastic pose a serious threat to society (Brandon and Criddle
2019;MacLeod et al. 2021). There have been many perspectives recently raised about plastic-
related  environmental = hazards and  crises, despite  plastics'  long-lasting
usefulness(Barrowclough and Birkbeck 2020). Since plastics are affordable, people are more
likely to use them for things they want (Moshood et al. 2022). The formation of micro and
meso-plastics occurs as a result of partial degradation of plastic, such as cracking and
fractures (Giacomucci ef al. 2019). The term micro-plastics (MPs) refers to particles of plastic
with a diameter of 5 mm or smaller (Vincent and Hoellein 2021). Globally, it has been
detected in freshwater, surface water, coastal areas, sea, soil, and even polar regions (Ma et al.
2022). It is easy for MPs to enter the food chain and negatively affect humans and organisms
due to their small size (Yan et al. 2019). Plastic waste must now be removed from the
environment due to its hazardous materials and slow decomposition (Waring ef al. 2018). The
management of plastic products at their end-of-life is currently inefficient, with the majority
of plastic wastes going into the environment, and existing solutions like incineration do not
meet the economic and environmental needs (Magnin et al. 2019). Particle plastics come in
many various kinds of polymers, such as polyethylene (PE), polypropylene (PP), polystyrene
(PS), polyvinyl chloride (PVC), polyethylene terephthalate (PET), and polyamide (PA) (Al-
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hussayni et al. 2023) . As reported in (Whelton and Nguyen 2013), PVC was the most
prevalent polymer in freshwater. Since PVC is widely used in water networks, a study (Sultan
et al. 2023) found that it is the most commonly used polymer in drinking water in Iraq. In the
world, polyvinyl chloride (PVC) ranks third behind polyethylene (PE) and polypropylene
(PP). There were 45 million tons of its production in 2018; it is utilized in food packaging,
electronics coatings, medical devices, and other applications (Plastics Europe 2021; Zichittella
et al. 2022). Therefore, PVC was chosen as the model for this study to conduct the
biodegradation treatment method for plastic in micro scale. Several methods can be used to
treat micro-plastics, such as physical, chemical, and biological treatment. Physical and
chemical processes had the following disadvantages: high energy costs, high chemical
requirements, expensive, and producing a lot of sludge (Hazirah R, C.R, and K.H 2014). Due
to its relative efficiency and environmental friendliness, the biological process has been the
most appropriate method for dealing with MPs (Cai et al. 2023). A growing number of studies
indicate that microorganisms play an important role in decomposing plastics (Tabatabaei et al.
2023). Polymers can be used by microbial as carbon and energy sources for development
through biodegradation (Mohanan et al. 2020). Microorganisms degrade plastics by certain
enzymes into oligomers and monomers through chain cleavage (Magnin et al. 2019). In
addition to enzymatically cleaving the products, the microbial cells absorb these water-soluble
products and metabolize them to produce carbon dioxide and water during aerobic condition
(Das and Kumar 2015). Numerous bacteria were found to be capable of degrading plastic
materials in previous studies on the biodegradation of plastic (Lou ef al. 2020). For instance,
(Novotny et al. 2022) reported that a Micrococcus sp. over a period of 70 days, cells isolated
from a plastic-polluted site grew in media containing PVC as the sole carbon source. In
another study (Giacomucci et al. 2019), 19% decomposition was found for PVC films
incubated with Pseudomonas citronellolis for 30 days. Finally, the researchers concluded that
these types of bacteria can utilize Polyvinyl chloride (PVC) as a carbon source. In the current
study, Strains of bacteria from the washing tank in the PVC pipe factory are isolated and
identified. Moreover, a biodegradation study is conducted on micro-plastic (PVC), to
determine which bacteria types are capable of degrading micro- PVC. Besides, our research
provides a foundation for reducing the pollution caused by micro-plastics.

Materials and Methods:

Experimental materials and chemicals

The PVC plastic used for biodegradation experiments was obtained from the Al-
Azhar/Iraq factory, it has a density of 1.38 g /cm® and a molecular weight of 62.5 g /mol with
the chemical formula C,H3;Cl. Zinc chloride (ZnCl2) and the mineral salt medium (MSM)
were obtained from the University of Mosul's College of Environmental Sciences Laboratory.
While the filter paper 0.45pum (CHMLAB GROUP, Spain), sodium dodecyl sulfate (SDS),
and mini gDNA Bacteria Kit (Geneaid/GBB100) were obtained from Earth Laboratory in
Mosul, Iraq.
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Preparation of PVC plastic in Micro-scale

In order to prepare Micro-PVC particles, a bastard-cut hand file and scissors were used
to grate the PVC material into various sizes. The plastic particles were then filtered through
sieves (0.3 -1) mm to remove larger debris and obtain particles within the micro-plastic scale
(Helen Shnada 2018; Khdre et al. 2023) . This size scale selected according to studies about
MPs availability in aqueous environment ( Warrier et al. 2022; Fardami et al. 2023)
Moreover, they were used as a major carbon source of bacteria. The PVC particulates were
weighed and disinfected with 70% ethanol for 30 min; they were then placed in sterile water
for 20 min (Das and Kumar 2015).

Sampling sites and isolate strain from water sample

The water sample were taken from the washing tank in the PVC pipe factory, Al-
Azhar, in Mosul City (latitude: 36.2054N, longitude: 43.1224E) using glass bottles (250 ml)
sterilized with 2% sodium dodecyl sulfate (SDS) (S. L. Park ef al. 2021). Next, the samples
were sealed in plastic packaging that blocked light and taken directly to the laboratory. The
serial dilution method was conducted to screen strain from water sample as follows: one
milliliter of water sample was diluted with nine milliliters of sterile distilled water. The
mixture was then gently shaken to ensure homogeneity. Next, one milliliter of the 10™" diluted
solution was taken and put into sterile tubes that already held nine milliliters of distilled water
for a 107 dilution. This procedure was carried out again until a 10 dilution was achieved
(Figure 1). After that, one milliliter of each diluted sample was inoculated with nutrient agar,
and every plate was incubated for two days at 37°C (Mohammad, Khalil, and Hussein 2022).
Finally, colonies with different morphological characteristics were isolated (Khushboo,
Karnwal, and Malik 2023).

N \ -~

1 ml of sample

!

!

| ﬂl 1 10 10
|

|

9 ml of distilled water

Figure 1. Serial dilution method.
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Molecular identification of bacteria based on 16S rRNA gene

As a first step, genomic DNA was extracted using the protocol of mini gDNA Bacteria
Kit (Geneaid /GBB100). After centrifuging 1 ml of bacterial culture for 5 minutes at 16,000 g,
the supernatant was removed from the Eppendorf tube, and pellets were obtained. Next, 20
microliter of proteinase K and 200 microliter of GT buffer were added. The mixture solution
was then moved to the GD column after being combined with 200 ul of GB buffer and 200 pl
of absolute ethanol. To obtain genomic DNA, the GD column was washed and eluted using an
elution buffer.

While in the second step, after DNA extraction, specific primers for 16S rRNA gene
were used to amplify 16S rRNA gene through PCR (Tablel). The reaction mixtures used in
DNA amplification consist of 0.5 microliter of each primer, 4 microliter of DNA template, and
14 microliter of nuclease-free water were added to Bioneer tubes (AccuPower® PCR PreMix,
Korea), the reaction volume (20 pl). The PCR protocol included an initial denaturation at 95
C® for 5 min, 35 cycles of 1 min at 94 C°, annealing at 53 C° for 45 sec, 72 C° for 1 min, and
a final extension at 72 C° for 5 min. Afterwards, the amplification products were

electophoresis on 1% agarose gel and visualized using UV trans illuminator (Huang et al.
2021).

Table 1. The primer use in bacteria.

primer Sequence

27-F (5'-AGAGTTTGATCMTGGCTCAG-3")

1522-R (5'- AAGGAGGTGATCCARCCGCA-3")

All samples were sent to Psomagene sequencing company (USA) to sequenced using 16S
rRNA gene sequences, and it was found that Aeromonas hyrophila (B1), Shouchella clausi
(B2), Staphylococcus hominis (B3), and Bacillus sporothermodurans (B4) were existing
strains in water sample as described in next section (Identification of bacterial isolates).

Biodegradation experiments of Micro-plastics PVC and culture condition

Mineral salt medium (MSM) was prepared by mixing 2.27 g of KH,PO4, 5.97 g of
Na,HPOy4, 0.5 g NH,CI, 0.0025 g of CaCl,, 0.001 FeSO4, 0.0005 g MnSOy, and 0.001 g
ZnS0O4 in 500 ml of distilled water in sterile flasks. In this investigation, mineral salt medium
was used to incubate both treated and untreated micro-plastics. The MSM medium utilized in
this work meant that the only carbon source for the bacteria was plastic particles (Ali et al.
2023). Micro-PVC (60 mg) was added to five flasks that contain 100 ml of medium (MSM)
and each of them inoculated with 10 ml of active cultures of B1, B2, B3, B4 and Microbial
Consortium (MC), respectively. The MC was prepared by combining all four bacteria isolates.
The experiments of plastic particles in flasks (lab scale) was as follows: MSM + B1 + micro-
PVC, MSM + B2 + micro-PVC, MSM + B3 + micro-PVC, MSM + B4 + micro-PVC, MSM +
MC + micro-PVC, and micro-PVC + MSM were used as a control (without bacteria)
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(Maheswaran et al. 2023). After that, the solution in flasks were incubated with shaking
continuously at 180 rpm at 37°C, using a shaker incubator (Labnet 211DS), and pH meter
(NOYAFA EZ9901) was used to monitor pH values along incubation period. In general,
bacteria grow best at neutral pH (Esquivel-Elizondo et al. 2021). The pH value was measured
along the reaction interval rather than adjusted in these experiments, to determine the ideal
incubation period. This was done until a stable pH value reduction or increase was reached.
All experiments were carried out in three duplicates.

Separation of residual MPs

Following an optimal incubation period, each sample was prepared to examine micro-
plastic residual after biodegradation. It is difficult to separate plastic particles remaining from
solutions due to the density of PVC being higher than that of water. Therefore, the separation
density method was used to separate precipitate micro-PVC from the MSM medium, which
the Micro-PVC flotation with a saturated salt solution (ZnCl,) with higher density (2.65 g
fem?) according to (Dehghani, Moore, and Akhbarizadeh 2017;Schrank et al. 2022). Each
sample was combined with 100 milliliters of the prepared ZnCl, solution, and the mixture was
thoroughly stirred for at least five minutes to separate particles that stuck together. Then, the
samples were kept untouched overnight. After that, the mixture was placed in a centrifuge at
6500 rpm for 10 min to remove cell debris and then, the supernatant containing floating
micro-plastic particles was filtered carefully onto filter paper 0.45um (CHMLAB GROUP,
Spain), to calculate weight loss %.

Determination of weight loss of degrade Micro-PVC

A 2% (w/v) solution of sodium dodecyl sulfate (SDS) was applied to the residual
plastic on the filter paper for 3 hours to remove bacteria colonizing the surface of the PVC.
The residual weight was measured after washing with distilled water and drying at 45 °C for 2
hours and compared with the control of the pre-incubator (initial weights =60 mg). The
percentage of weight reduction was measured using the formula (1) (S. L. Park et al. 2021).

Weight loss (%) = [ 5 100 .....ceeee.eeen 1)

Where:
Initial weight of micro-PVC is IW (mg) and residual weight is RW (mg). However, IW and

RW measured by analytical balance model (Sartorius TE214S).

GC-MS analysis

To separate floating micro-plastic particles after best incubation interval of bacterial
treatment, the solution was centrifuged at 6500 rpm for 10 minutes to eliminate cell debris.
Following this, it was carefully filtered onto 0.45 m filter paper to isolate them. A GC-MS
analysis was performed on the solution passing through filter paper to confirm that plastic is
degraded or not into a range of new compounds (Lou et al. 2020).
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FTIR analysis of micro- PVC polymers

The micro-PVC residue on the filter paper was picked up by forceps for FTIR analysis
(IRAffinity-1S, SHIMADUZ, Japan) and to obtain infrared spectra for plastic after ideal
period of incubation in an MSM medium containing bacterial cultures. Infrared spectra were
recorded on an FTIR spectrometer in the frequency range of 4000 - 600 cm ™' for a sampling
duration of 3 seconds (S. Y. Park and Kim 2019). The micro- PVC samples were placed
beneath the sample presser equipped with a built-in pressure sensor for analysis, and the auto
sample presser could be controlled either through an APC program or an operation panel.
Subsequently, the results obtained for degraded Micro-PVC plastics were compared with the
corresponding control (uninoculated control) to determine the formation of possible functional
groups on MP’s surfaces which could be attributed to biodegradation.

Ladder Bl B2 B3 B4
. ”~ ~~ L — —

Results and Discussion
Identification of bacterial isolates

The extracted DNA was shown on gel electrophoresis, and the 16S rRNA PCR
products were also shown using a 1 kb ladder to compare their sizes (Figure 2). It showed that
the molecular weight of the sample was 700 bp. The 16S rRNA gene sequences of B1, B2, B3
and B4 showed homology with the 16S rRNA gene sequences of Aeromonas hydrophila (B1)
(GenBank accession no. KP813719.1), Shouchella clausii (B2) (GenBank accession no.
MZ008273.1), Staphylococcus hominis (B3) (GenBank accession no. KY623219.1), Bacillus
sporothermodurans (B4) (GenBank accession no. EU430991.1). After the PCR product
nucleotide sequence alignment with the available database on NCBI.

7
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Measurement of weight loss for PVC micro-plastic

The optimal incubation duration of Micro-PVC weight loss by the microbial
consortium was after two months. Depending on the pH value, it has been determined where
pH changed from 7 to 5 during incubation. According to the report (Islami, Tazkiaturrizki,
and Rinanti 2019), plastic decomposition by bacteria is highest at pH 7, and lowest at pH 5.
The alter in pH value from neutral to acidic could be due to microbes' release of acid
metabolites into the culture media during PVC degradation (Asiandu, Wahyudi, and Sari
2020). No change in pH was observed in the control sample.

The degradation of Micro-PVC plastic was measured depending on weight loss after
60 days of incubation with the individual and mixed isolates (B1, B2, B3, B4 and MC). The
percentage of weight loss for micro-PVC was calculated as illustrated in Figure 3. The
comparison of the weight loss % of Micro-PVC by the different isolates (B1, B2, B3, B4 and
MC) after 60 days revealed, that there are differences in weight loss % among all species, as
follows; 13%, 18.3%, 21.7%, 8.3%, and 33.3 %, respectively (Figure 3). Moreover, it was
noticed that the maximum weight loss percentage (33.3%) was clear for micro-PVC plastic
incubated with strain MC (deromonas hyrophila, Shouchella clausi, Staphylococcus hominis,
and Bacillus sporothermodurans). The biodegradation results indicate that most of the
degradation of Micro-PVC was by the bacterial consortium followed by the B3, compared to
the other species studied, which is attributed to the fact that plastics are complex substrates
that require cooperation between microbial communities to achieve their biodegrade (Jiménez
et al. 2021). While the low weight loss percentage (8.3%) was recorded by Bacillus
sporothermodurans (B4). According to the study (Kumar Shrestha et al. 2019) Bacillus
sporothermodurans was utilized to treat low-density polyethylene (LDPE). It was discovered
that this genus of bacteria could break down (LDPE) by 21% in the same period as the current
study. Thus this type of bacteria has a low efficiency in decomposing high- density -weight
polymers such as PVC compared to low- density-weight polymers (Veerappapillai and
Muthukumar 2015). Also, there was no weight loss in the control (uninoculated). The weight
reduction of the Micro-PVC plastic after inoculation with strains may be due to the
disintegration of the carbon chain of PVC caused by enzymatic degradation.
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Figure 3. Weight loss percentage for PVC with different culture after 60 days of incubation.

Table 2 displays the studies on bacterial PVC degradation that have been published in
the literature. Bacillus amyloliquefaciens decreased the weight of PVC parts by 18% after 60
days of incubation (Novotny et al. 2022). By comparison, following 60 days of incubation
with Altermonas depicted a very low degradation of 1.76 % in PVC (Khandare, Chaudhary,
and Jha 2021). In another study, over 8 weeks, Pseudomonas citronellolis was demonstrated
to cause a 13 % decrease in the mass of PVC (Giacomucci et al. 2019). On the other hand, in
this work, the bacteria community was isolated from the washing tank of the PVC pipe
factory and identified their types. Then it studied their efficiency in Micro-PVC removal from
aqueous solution after 60 days. The strains Aeromonas hyrophila (B1), Shouchella clausi
(B2), Staphylococcus hominis (B3), Bacillus sporothermodurans (B4), and Microbial
Consortium (MC) were observed to survive on plastic, using it as a carbon source. B1, B2,
B3, B4, and MC showed 13%, 18.3%, 21.7%, 8.3%, and 33.3%, respectively, weight
reduction from the initial weight of micro-plastic pieces for 60 days. Thus, Table 2 confirms
that biodegradation mainly depends on the type of microorganism and microbiological
activity. Generally, climate conditions such as temperature, moisture content, pressure, and
microbiological activity all contribute to the degradation of synthetic plastics (Roohi et al.
2017).

Table .2 Provides information about previous studies conducted on bacteria capable of degrading plastics
polyvinyl chloride.

Time of exposure Weight

Microorganism Reference
g (days) loss (%)
Bacillus amyloliquefaciens 60 18 (Novotny et al. 2022)
Altermonas 60 1.76 (Khandare, Chaudhary,
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and Jha 2021)
Pseudomonas citronellolis 90 13 (Giacomucci et al. 2019)
Aeromonas hyrophila 13
Staphylococcus hominis 21.7
Shouchella clausi 18.3 Present study
Bacillus sporothermodurans 8.3
Microbial Consortium (MC) o 333
FTIR analysis

A structural analysis is a crucial parameter to identify structural changes that occur
during degradation, which contribute to weight loss, so FTIR is used to study the appearance,
disappearance, and changes in a functional group during the degradation of Micro-PVC.
Following 60 days of incubation, an FTIR test demonstrated the variation in spectra between
the control and treated samples using MC bacteria at different wavelengths. This change is
caused by the bending and stretching of bonds.

Figure 4 displays the FTIR spectra of PVC inoculated with bacteria (Figure 4 b) and
PVC uninoculated (Figure 4 a). The peaks 2852 cm™, 2920 cm™ and 2950 cm™ in the control
sample belong to the alkane groups (Suganya, Shanmugavelayutham, and Rodriguez 2016),
which are absent in the FTIR spectrum of PVC micro-plastic inoculated with MC. In addition,
the peak at 2357 cm™ and 1730 cm™ for the C=0 bond (carbonyl group) (Maheswaran et al.
2023). The O-H stretching of carboxylic acid is responsible for the new bands that were
observed at 3398 cm™ for PVC that was inoculated with MC (Verdi ef al. 2021).

In FTIR spectra of MPs treated with the microbial consortium, new chemical peaks
emerged, disappearances and changes of functional groups were observed. There is an
elongation of the peak at 2357 cm’' for the C=0O bond (carbonyl group) and a decline at 1730
cm’ for the ester carbonyl. Furthermore, several peaks disappeared, such as at (2960.73,
2920.23, and 2852.72) cm™ for alkanes, and at 1463.97 cm™ for C-H bending (alkanes). A
clear change in functional groups was observed at 1072.42 cm™ for C-C, which may have
been caused by the cleavage of the C-C bond (Maleki Rad, Moghimi, and Azin 2022).
Further, other functional groups shift at 600-646 cm™ for a carbon-chlorine bond. These
changes in the spectrums at different wavelengths can be attributed to the biodegradation of
the micro-PVC by the microbial consortium. Thus, the FTIR results confirmed that
biodegradation of MPs by microbes occurred.
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Figure .4 The FTIR pattern of PVC, (a) control (uninoculated) and (b) treated with Microbial
Consortium (MC).

Analysis of biodegradation products

After 60 days of biodegrading the plastic, we noticed a decrease in the pH value. This
change is considered strong evidence of the decomposition process of plastics. Numerous
investigations have identified that the medium's pH decreases during biodegradation, due to
the increase in —COOH concentration in the medium (Maity ef al. 2021;0jha et al. 2017). For
instance, the study (Kumar Shrestha et al. 2019) revealed that the weight loss of plastics is
strongly connected with the reduction of pH. Although the reduction in pH is an indicator of
plastic degradation, it is also associated with the decreasing microbial population in the media.
On the other hand, to determine the types of acids formed and another compounds formation
during biodegradation, an investigation was conducted using Gas Chromatography-Mass
Spectrometry (GC-MS) technology of PVC inoculated with a microbial consortium. GC-MS
analysis was able to accurately identify these acids and another compounds, as shown in
(Table 3) (Figure 5) after 60 days of biodegradation. GC-MS result demonstrated that polymer
chains fragment into smaller molecules during biodegradation, which causes the cleavage of
carbon bonds and the production of carboxylic acids and other compounds. another study
revealed that GC-MS analysis of biodegraded plastics detected various carboxylic acids (Jeon
et al. 2021). In addition to the formation of a carboxylic acid group, it has also been reported
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that when the carbon-carbon covalent bond is broken, ester and nitrile compounds are
produced (Gazi et al. 2019).

Table 2. Compounds produced through biodegradation by a microbial consortium (MC) determined using
GC-MS analysis.

Microorganisms Compounds
Heptafluorobutyric acid, 2, 2-
dimethylpropyl ester.
Microbial consortium 3-Ethylheptanoic acid.
(MC) Oxalic acid, cyclobutyl hexyl ester.

Carbamothioic acid, O-butyl ester.
Pentanenitrile, 4-methyl.

1,570,938

TIC*1.00

=

=21 088
|
B26.067

I ' T T IT ‘ e I
100 200 20

Figure 5. Chromatograms represent the compounds produced from PVC degradation by microbial
consortium activity.
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Conclusions

Four bacterial strains from the washing tank in the polyvinyl chloride (PVC) pipe
factory were tested to study their ability to degrade Micro PVC plastics. After 60 days of
incubation, potential biodegradation occurred in PVC micro-plastics. The biodegradation
process of microplastic PVC in flasks was studied in the presence of strains Aeromonas
hyrophila, Shouchella clausii, Staphylococcus hominis, Busillus sporothermodurans, and
microbial consortium (MC), respectively. The single strains were capable of partially degrade
micro-plastics after 60 days of incubation. The synergy between all the isolated bacteria
(microbial consortium) caused a greater rate of weight loss around 33.3 % weight loss. Based
on FTIR analysis, bond breakage and new bond formation occur during biodegradation. The
GC-MS analysis revealed that plastic is degraded into several new compounds that provide
energy for bacterial growth. More proteomics and metagenomics studies are needed to
determine how these bacteria degrade plastic. Moreover, according to the results, microbial
consortiums may be utilized in bioaugmentation studies in order to improve the degradation of
micro-polyvinyl chloride.
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Abstract

Two samples of propolis were collected from Dohuk citie starting from October until the
end of December (2023). The effectiveness of propolis was tested against the yeast Candida
albicans ATCC 10231, and the bacteria Salmonella abony ATCC 6017. Propolis showed
inhibitory activity against the isolates under study, as the growth inhibition rate of C. albicans
reached 19.40% at a concentration of 600 mg/ml, while the growth inhibition rate of
Salmonella abony reached 18.15% at the same concentration. The chemical compounds were
detected by transient Thin Layer Chromatography (TLC), which showed that it contained
Morin, Caffeic acid, Apigenin, Flavone, and Ferulic acid, other chemical compounds were
also detected when analyzing the propolis sample using GC-MS technology, where it was
noted that the most abundant compounds were: 2-Propen-1-one, 1-(2,6-dihydroxy-4,1,3-
methoxyphenyl)-3-phenyl-, (E)- (27%), Oleic Acid (8.96%), and Phenylethyl Alcohol
(6.95%).

Keywords: Propolis, Thin Layer Chromatography, active compounds
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Introduction

Bees are among the most important insects known to man, as they benefit from their various
products, including honey, royal jelly, and pollen, in addition to propolis, which is a resinous
substance that honeybees collect from the buds and leaves of different types of trees, such as
poplar, pine, pineapple, willow, and palm. It is solid when cold, soft and sticky when hot, and
has a distinctive odor. Its color also varies from yellowish green to dark brown(Farhan Illahi,
2020; Rojezyk et al., 2020)

The health and survival of bee colonies are greatly affected by various factors affect bees
alike diseases, pathogens, parasites, pesticides, malnutrition, and meager management. To
effectively promote colony well-being, it is necessary to realize the effect of all stressors and
the complex interactions between them. This realization is critical to developing effective
resolutions to enhance colony growth and ensure colony existence (Goulson et al., 2015).

It is essential to realize how bees' innate immune responses (individual immunity) and
collective behavioral defenses (social immunity) promote and preserve their good health and
ability to withstand stress without human assistance. One of the basic elements of socialite
immunity in bees is the formation of a layer of propolis inside the hive, which works as an
antimicrobial barrier. (Shanahan et al., 2021).

Unlike honey and pollen, propolis cannot be used as food for bees. But it is used to build
and maintain cells. Bees use propolis to fill gaps and cracks, install wax frames inside their
hives, and attach them to surrounding trees. In addition, propolis acts as a preservative and
prevents dead intruders from rotting inside the cell (Bankova et al., 2018).

Research results indicate that applying propolis to brood cells before laying eggs could
affect mites that parasitize bee cocoons, leading to decreased survival and reproductive rates,
possibly due to the lethal properties of propolis (Pusceddu et al., 2021).

Active compounds in propolis

Propolis consists of approximately half of the composition of resinous materials, followed
by a 30% contribution of wax, while the remaining part consists of essential oils, minerals,
and vitamins (Dezmirean et al., 2021). Along with a variety of primary and secondary
metabolic compounds, including amino acids, alkaloids, and terpenes (Zulhendri, et al.,
2021a). The specific chemical composition of propolis is influenced by the bee species, the
specific seasons during which the propolis is collected, as well as the nature of the
geographical area (Salatino et al., 2021).

One of the components of propolis is the phenolic compounds that are largely responsible
for the many health benefits (Zulhendri, et al., 2021b). Phenolic compounds play avital role in
the production of secondary metabolites during photosynthesis. They serve as a defense
mechanism for plants, protecting them from pathogens such as bacteria, fungi, and insects, as
well as the harmful effects of radiation, including ultraviolet radiation. These compounds are
essential for the plant's well-being and contribute to its basic functions (Cauich-Kumul et al.,
2019).
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Studies have confirmed the presence of some active compounds found in propolis, which
include: phenethyl caffeate, galangin, caffeic acid phenethyl ester, apigenin naringenin,
galangin, O-coumaric acid, and chrysin. The presence of various compounds in propolis
enables it to possess many medicinal properties, including anti-inflammatory, anti-cancer,
anti-viral, anti-fungal, and anti-bacterial effects(Suran et al., 2021).

Recently, propolis has gained great popularity as a treatment for various diseases, either by
adding it to honey or by adding it to food with precise measurements (Salatino, 2022).

Material and Methods

Collecting propolis samples

Propolis samples were collected from Dohuk city, starting from October until the end of
December (2023), that is, for consecutive months in the season. Samples were collected from
apiaries located in areas where wild grasses and clover trees abound.

Propolis Extraction

The ethanolic propolis extract was prepared by adding 100 g of propolis to 400 ml of
absolute ethanol (1:4 weight: volume), then the sample was crushed using a ceramic hob, and
crushed again by using the blender mixer under the cooling, then filtered using a filter paper
(Whatman No 2) under vacuum and sediment using a centrifuge at a speed of 3000 rpm for 10
min, dried the sample using a Lyophilizer device and stored the samples in tightly sealed
sterile plastic boxes until use (Gebara et al., 2003).

Microorganisms strain

Candida albicans ATCC 10231, Salmonella abony ATCC 6017 The isolates were provided

to us by Pioneer Pharmaceuticals.

Antimicrobial test of propolis

The well spreading procedure was used to test the leverage of propolis against the
microorganisms under study according to McFarland standard with a diameter of 9 mm on
Mueller Hinton agar, where each well was filled with 50 pl of different concentrations
prepared with DMSO solvent (100, 200, 300, 400, 500, and 600) mg/ml with four replicates,
and all plates were incubated at 37°C for 48 h and replicates were performed (Balouiri et al.,

2016).
Determine the minutest inhibition constrictions (MICs) of propolis
The minimum concentration of inhibition for propolis was determined, and the dilution

process was used using the solvent DMSO by obtaining a range of growth concentrations (1,
10, 20, 30, 40, and 50) mg/ml, then the tubes were injected with the microorganisms under
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study prepared according to the McFarland standard, and all tubing were brood at 37 °C for
48 hours. To find out the minimum concentration of propolis: A quantity of the culture
medium (0.1 ml) was obtained from the transparent tubing in a plate hold a solid culture
medium (Mueller Hinton agar), and the plates were kept at 37 °C for 48 hours, and the rising
colonies were notice in all plates.

Thin layer chromatography (TLC)

The analysis was performed on a pre-coated 0TLC K6F silica gel 6 plate, measuring
(20X20) cm and thickness (0.25 mm). 10 microliters of each standard solution (concentration
0.1 mg ml") were applied as spots on the TLC plate. One of the different phases according to
their polarity to determine the value of Re for each standard, and a system consisting of
(toluene:36 ethyl acetate:12_ formic acid:5) was used.

The plate was left -hand at hall heat and the separation was done vertically to a space of
about 16 cm of the beginning. The area was pre-filled with the suitable moving phase
(fullness timing was 1 hour). After airing, photography is done in two methods

1. In shortened UV light (254 nm)

2. Spray with 1% methanolic diphenyl beryl oxy ethylamine and 5% PEG 4000; The
chromatograms were interpreted in long-wave ultraviolet light (366 nm)(Medi et al., 2004)

Gas Chromatography-Mass Spectrometry (GC-MS)

Gas chromatography (GC-MS) mass spectrometry analysis was performed on the propolis
extracts to separate and identify the compounds. Agelint 7820A system was used. Coupled
with a mass spectrometer (5977E) USA. A capillary column of model DPS MS (30 m long,
250 pm indoor diameter, 0.25 pm film thickness) covered with 5% diphenyl and 95%
dimethyl polysiloxane was integrated. High up pureness helium (99.999%) was used as the
transporter gas, working under the dependent situation: pillar oven temperature: 60.00 °C,
insertion heat: 280.00 °C, pressure 96.1 kPa, sum flow: 50.0 ml/min, pillar inflow: 1.55
ml/min, linear speeding: 45.4 cm/s, remove finlow: 2.0 ml/min ( Tomaszewski et al., 2016).
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Results

The sample of propolis collected from areas where wild herbs are widespread in the city of
Dohuk was distinguished by its yellow to light brown color and its taste tends to be bitter. The
sample collected from the area where clover trees are abundant, as in (Figure 1).

Figure (1) Dohuk sample

Propolis Dohuk citiy showed pronounced antimicrobial activity versus Candida albicans
ATCC 10231, Salmonella abony ATCC 6017 and indicated that the minimum inhibitory
concentrations (MICs) of propolis against all microorganisms under study are 10
mg/ml.(Figure 2).

Fig2:- MICs of propolis on Mueller Hinton
A: against C.albicans
B: against S. abony

The effectiveness of propolis sample against Candida albicans ATCC 10231 and Salmonella
abony ATCC 6017 was tested using the well diffusion method. It was noticed the
effectiveness of Dohuk propolis increased with increasing concentrations used, Candida
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albicans was more sensitive as the inhibition rate reached 19% at a concentricity of 600
mg/ml (Table 1), while the inhibition rate against Salmonella abony reached 18% at a
concentricity of 600 mg/ml (Table 2), the solvent DMSO was not affected by any isolate (

Figure 3).

Mohammed Yahya Allawi

Table (1): Effect of propolis against C. albicans

Concenfration | pyx | pox | R3*= | M* | %Inhibition ratio
mg/ml
100 1442 | 17.96 | 1619 | 16.19 16.19%
200 1735 | 18 |1823| 17.86 17.86%
300 17.38 | 1851 | 17.94 | 17.94333 17.94%
400 17.55 | 18.28 | 18.44 | 18.09 18.09%
500 19.13 | 17.21 | 1817 | 18.17 18.17%
600 1953 | 1927 | 194 | 194 19.40%
Standard* | 0.0 | 00 | 00 | 00 0.0

Standard*:- DMSO without Propolis
M*:- Arithmetic Mean
R1,R2,R3*:- Replicates

Table(2): Effect of propolis against Salmonella abony

Concentration | oy | gy | R3 | M | Inhibition ratio%
mg/ml
100 1173 | 1407 | 129 | 12.9 12.90%
200 12,5 | 15.98 | 14.24 | 14.24 14.24%
300 13.73 | 16.43 | 15.08 | 15.08 15.08%
400 1495 | 16.81 | 1538 | 15.71 15.71%
500 14.84 | 17.57 | 16.19 | 16.19 16.19%
600 17.81 | 18.5 | 18.15 | 18.15 18.15%
Standard* | 0.0 | 00 | 00 | 00 0.0

Standard*:- DMSO without Propolis
M*:- Arithmetic Mean
R1,R2,R3*:- Replicates
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(A)

Fig 3:-(A) The inhibition effect of DMSO

(B) The inhibition effect of propolis against C. albicans at a concentration of 600 mg/ml.
(C) The inhibition effect of propolis against Salmonella abony at a concentration of 600 mg/ml.
The results of propolis samples in the TLC plate as shown (Figure 4) indicate the
appearance of compounds that contribute to the effect of flavoniods and phenolic acid
compounds as shown in Table 3. chemical formulas are shown( Figure 5).

Table 3: Chemical compounds in propolis samples separate by TLC

compounds Standard
Morin 0.2
Caffeic acid 0.38
Apigenin 0.44
Ferulic acid 0.56
Flavone 0.88

Flavone

Ferulic acid

Apigenin -

Caffeic acid

Morin .

Fig 4:- TLC Plate showed spots of separated Chemical compounds
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The chemical compounds were identified using an infrared spectrometer(Figure 5). Some of
these compounds had similar results(Marica et al., 2004)

O
H
© N OH
HO
Morin: C15H1007 Caffeic acid: C9H804
™
HO
Apigenin: Cy5H1005 Ferulic acid: C1oH1004

Ferulic acid: C10H 1 004

Fig5:- Chemical formulas

When analyzing a sample of propolis from the city of Dohuk by GC-MS, it was found 40
active compounds (Figure 6) and (Table 4).

Table 4:- GC-MS analysis of Dohuk sample showing the proportions of each compound

Peak | R.Time | Area% Name
1 4.446 1.16 Silane, [3-(2,3-epoxypropoxy)propy
2 5.381 0.73 N-.alpha.,N-.omega.-Di-cbz-L-argin
3 6.748 6.95 Phenylethyl Alcohol
4 8.895 2.1 Benzofuran, 2,3-dihydro-
5 10.444 0.95 Phenol, 2,3,5,6-tetramethyl-
6 13.326 4.47 2,1,3-Benzothiadiazole
7 15.04 0.7 4-Pentenoic acid, 5-phenyl-
8 16.338 1.04 1H-Cyclopropa[a]5-naphthalene, 1a,2,3,5,6,7,7a,7b-
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octahydro-1,1,7,7a-tetramethyl 3-, [1aR-
(la.alpha.,7.alpha.,7a.alpha.,7b.alpha.)]-

1,4-Methano-1H-5,7,1indene, octahydro-1,7a-dimethyl-

9 16.589 243 4-(1-methylethenyl)-,[ 1S-
(1.alpha.,3a.beta.,4.alpha.,7a.beta.)]-

10 17.031 0.72 .alpha.-Bisabolol

11 17.385 0.87 3-Carene, 4-acetyl-

12 19.099 1.64 Kauran-18-al, 17-(acetyloxy)-, (4.beta.)-

13 19.376 0.82 2,6,9,11-Dodecatetraenal, 2,6,10-trimethyl-

14 19.818 1.52 Benzeneacetaldehyde, .alpha.,2,5-trimethyl-

s 20,069 06 2(5H)-Furanone, 3-chloro-5-

1,3((dimethylamino)methyl)-4,5-dimethyl

16 20.389 0.96 Hexadecanoic acid, methyl ester

17 20.718 2.94 3.,4-Dimethoxycinnamic acid

18 21.116 4.35 Pentadecanoic acid

19 21.289 1.33 Hexadecanoic acid, ethyl ester

20 22.613 1.67 Formic acid

21 23.271 8.96 Oleic Acid

22 23.531 1.06 Octadecanoic acid

’ 23 851 13 2,6,10-Dodecatrien-1-al, 12,6,9-(acetoxy)-2,6,10-

trimethyl-, (E,E,E)-

24 24.388 1.27 2,5-Dimethoxyterephthalic acid

25 24.543 0.62 4(1H)-Pteridinone, 2-amino-6-methyl-

26 24.89 0.75 Decane, 3,8-dimethyl-

27 25.392 0.86 n-Tridecan-1-ol

28 25.764 0.72 9-Octadecenamide, (Z2)

. 26,257 773 2-Propen-1-one, 1-(2,6-dihydroxy-4,1,3-
methoxyphenyl)-3-phenyl-, (E)-

30 27 304 56 4H-1-Benzopyran-4-one, 2,3-dihydro-5,7,10-dihydroxy-

2-phenyl-, (S)-
31 27.763 0.99 1-Naphthaleneacetonitrile
1 28 144 145 4H-1-Benzopyranl,8-4-one, 5-hydroxy-7-methoxy-2-

phenyl-
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Coumaran-5-ol-3-one, 2-[4-hydroxy-3-4
33 28.456 0.75
methoxybenzylidene]-
6-Methyl-2'-(1-naphthylmethylene)nicotinohydrazide -
34 28.888 1.1 yI-2-(1-naphthy ylene) Y
methoxyphenyl)-3-(2-hydroxyphenyl
35 29.148 0.65 2-Amino-benzothiazole-6-carboxylicacid
36 29.304 1.55 Chrysin
37 29.546 0.72 2-Phenyl-1-(p-tolyl)benzimidazole
Benzofran-3-one, 2-[3,4-dihydroxybenzylidene]-6-
38 29.754 0.88
hydroxy-
2-Propen-1-one, 1-(2,4-dihydroxy-6,17 -
39 29.944 1.39 P ( YO
methoxyphenyl)-3-(2-hydroxyphenyl )-
Benzaldehyde, 4-methoxy-, (2,4-
40 31.398 0.7 o
dinitrophenyl)hydrazone

T
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Fig6 :- Chromotogram of active compounds in a sample of propolis from Dohuk city

Discussion

The effectiveness of Dohuk a against Candida albicans ATCC 10231 and Salmonella abony
ATCC 6017 is due to the presence of a group of chemical compounds with biological
properties, including flavonoids, phenolic acids, alkaloids, terpenes, and others. A previous
investigation of the composition of propolis in samples got from three various zone in Iraq
(Akra, Sinjar, and Mosul) reported that the composition of phenolic compounds was
approximately 40% (Allawi and, Al-Taie, 2020). In other study demonstrated the maximum
activity of propolis extract against Salmonella(Harfouch et al., 2017)Moreover, the use of
ethanolic solvents is highly appreciated due to its effectiveness in dissolving various organic
compounds that possess antimicrobial properties, including phenolic compounds (Juri¢ et al.,
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2021).TLC results revealed 5 important compounds in propolis: Morin, Caffeic acid,
Apigenin, Flavone, Ferulic acid It shows a obvious role in inhibiting organisms, The results of
the table 4 showed that the Dohuk sample contained 40 active compounds, the highest of
which was the compound 2-Propen-1-one, 1-(2,6-dihydroxy-4,1,3-methoxyphenyl) -3-phenyl-
, (E)- with a percentage of (27.73), followed by the compound Oleic Acid with percentage of
(8.96) and its common name (Oleamide). It was proven that this compound is present in the
Damask rose (Ghavam et al., 2021), followed by the compound Phenylethyl Alcohol with a
percentage of (6.95), where the effectiveness of the compound was tested to prevent the
growth of microbes using it as a preservative (Sirilun et al., 2017), and the percentage of the
compound 4H-1-Benzopyran-4-,4,8 one, 2,3-dihydro-5,7-dihydroxy-2-phenyl-, (S)- (5.62).
The properties of this compound are antioxidants( Daniels et al., 2015).

Conclusion

Propolis samples collected from the Duhok area, which is famous for its wild herbs such as
thyme, showed clear antimicrobial activity against one type of Candida albicans ATCC
10231, and one type of bacteria Salmonella abony ATCC 6017. Thin layer chromatography
(TLC) of the Duhok and Salah al-Din propolis extract showed chemical compounds
consisting of Morin, Caffeic acid, Apigenin, Flavone, and Ferulic acid. Other chemical
compounds were also detected when analyzing the propolis sample using GC-MS technology,
where it was noted that the most abundant compounds were: 2-Propen-1-one, 1-(2,6-
dihydroxy-4,1,3-methoxyphenyl)-3-phenyl-, (E)- (27%), Oleic Acid (8.96%), and Phenylethyl
Alcohol (6.95%).

References

Allawi, M. Y. and Al-Taie, B. S. (2020). Comparison between inhibitory effect of propolis and
green apple peel against C. albicans with diagnosis some of the active
compounds. Biochemical & Cellular Archives, 20(1).

Balouiri, M.; Sadiki, M. and Ibnsouda, S. K. (2016). Methods for in vitro evaluating
antimicrobial activity: A review. Journal of pharmaceutical analysis, 6(2): 71-79.

Bankova, V.; Popova, M. and Trusheva, B. (2018). The phytochemistry of the honeybee.
Phytochemistry, pp: 1-11.

Cauich-Kumul, R. and Campos, M. R. S. (2019). Bee propolis: Properties, chemical
composition, applications, and potential health effects. In Bioactive compounds,

Woodhead Publishing, pp: 227-243.

27



Roud khalil Ibrahim Mohammed Yahya Allawi

Dezmirean, D. S.; Pasca, C.; Moise, A. R. and Bobis, O. (2020). Plant sources responsible for
the chemical composition and main bioactive properties of poplar-type propolis. Plants,

10(1): 1-20.

Daniels, C. W., Rautenbach, F., Marnewick, J. L., Valentine, A. J., Babajide, O. J., &
Mabusela, W. T. (2015). Environmental stress effect on the phytochemistry and
antioxidant activity of a South African bulbous geophyte, Gethyllis multifolia L. Bolus.
South African Journal of Botany, 96, 29-36. doi: 10.1016/j.sajb.2014.10.004

Tomaszewski, M. J., & Hartman, T. G. (2016). IDENTIFICATION OF THE KEY AROMA
ACTIVE COMPOUNDS OF PROPOLIS COLLECTED FROM CENTRAL NEW
JERSEY OVER THREE CONSECUTIVE YEARS.

Gebara, E. C. E.; Pustiglioni, A. N.; de Lima, L. A. P. A. and Mayer, M. P. A. (2003). Propolis
extract as an adjuvant to periodontal treatment. Oral health & preventive dentistry, 1(1).

Goulson, D.; Nicholls, E.; Botias, C. and Rotheray, E. L. (2015). Bee declines driven by
combined stress from parasites, pesticides, and lack of flowers. Science, 347(6229):
1255957.

Ghavam, M., Afzali, A., & Manca, M. L. (2021). Chemotype of damask rose with oleic acid
(9 octadecenoic acid) and its antimicrobial effectiveness. Scientific Reports, 11(1). doi:
10.1038/s41598-021-87604-1

Harfouch, R. M.; Mohammad, R. and Suliman, H. (2016). Antibacterial activity of Syrian
propolis extract against several strains of bacteria in vitro. World J. Pharm. Pharmaceuti,
6: 42-46.

Illahi, M. F. (2020). In Silico Study of Propolis as a Potential Healing Agent for Gastric Ulcer.
Degree M.Sc., College Faculty of Health and Life Sciences, Capital University, Libya.

Juric, T.; Micic, N.; Potkonjak, A.; Milanov, D.; Dodic, J.; Trivunovic, Z. and Popovic, B. M.
(2021). The evaluation of phenolic content, in vitro antioxidant and antibacterial activity
of Mentha piperita extracts obtained by natural deep eutectic solvents. Food Chemistry,
362: 130226.

Merica, M.; Jasprica, I.; Smolcic, A. and Mornar, A. (2004). Optimization of chromatographic
conditions in thin layer chromatography of flavonoids and phenolic acids. Croatica
chemica acta, 77(1-2): 361-366.

Pusceddu, M.; Annoscia, D.; Floris, I.; Frizzera, D.; Zanni, V.; Angioni, A. and Nazzi, F.
(2021). Honeybees use propolis as a natural pesticide against their major ectoparasite.

Proceedings of the Royal Society B, 288(1965): 20212101.

28



A Studying the effectiveness of propolis against Salmonella abony and Candida albicans ...

Rojczyk, E.; Klama-Baryta, A.; Labus, W.; Wilemska-Kucharzewska, K. and Kucharzewski,
M. (2020). Historical and modern research on propolis and its application in wound
healing and other fields of medicine and contributions by Polish studies. Journal of
Ethnopharmacology, 262: 113159.

Salatino, A. (2022). Perspectives for uses of propolis in therapy against infectious diseases.
Molecules, 27(14): 4594.

Salatino, A. and Salatino, M. L. F. (2021). Scientific note: often quoted, but not factual data
about propolis composition. Apidologie, 52(2): 312-314.

Shanahan, M. and Spivak, M. (2021). Resin use by stingless bees: A review. Insects, 12(8):
719.

Suran, J.; Cepanec, 1.; Masek, T.; Radic, B.; Radic, S.; Tlak Gajger, 1. and Vlainic, J. (2021).
Propolis extract and its bioactive compounds-From traditional to modern extraction
technologies. Molecules, 26(10): 2930.

Sirilun, S., Chaiyasut, C., Sivamaruthi, B. S., Peerajan, S., Kumar, N., & Kesika, P. (2017).
Phenethyl alcohol is an effective non-traditional preservative agent for cosmetic
preparations. Asian Journal of Pharmaceutical and Clinical Research, 10(8), 129-133.
doi: 10.22159/ajpcr.2017.v1018.18572

Zulhendri, F.; Chandrasekaran, K.; Kowacz, M.; Ravalia, M.; Kripal, K.; Fearnley, J. and
Perera, C. O. (2021). Antiviral, antibacterial, antifungal, and antiparasitic properties of
propolis: A review. Foods, 10(6): 1360.

Zulhendri, F.; Ravalia, M.; Kripal, K.; Chandrasekaran, K.; Fearnley, J. and Perera, C. O.
(2021). Propolis in metabolic syndrome and its associated chronic diseases: A narrative

review. Antioxidants, 10(3): 348.

29



Journal of A nvironment
| Vol..3 Noi _ S

Journal of Al-Rafidain Environment

Vol. [ 3] January 2025 No.[1]
Editor in Chief
Prof. Dr. Kossay Kamalaldeen Al-Ahmady

Editorial Board
Assistant Prof. Dr. Yusra M. Al-Shaker
Prof. Dr. Mohammad I. Khalil
Prof. Dr. Mahmood I. Al-Jubori
Assistant Prof. Dr. Ramzi R. Ibrahim
Assistant Prof. Ahmed J. Obadi
Prof. Dr. Sundus H. Ahmed
Assistant Prof. Dr. Mariam A. Ibrahim
Assistant Prof. Dr. Rana H. Hameed
Assistant Prof. Dr. Jwan H. Ibbini
Assistant Prof. Dr. Abduljalil H. Albadri

Assistant Prof. Dr. Youssef EI-Gumri

Managing Editor

Assistant Prof. Dr. Hazim Jumaa Mahmood

Technical Coordinator
Assistant Chief Programmers Noor S. Al-Taan

Published by: College of Environmental Science and
Technology/University of Mosul

E-mail: raf.env22@uomosul.edu.iq




Index

Biodegradation of micro-polyvinyl chloride in aqueous solution
Mohammed Waleed. Alhajar, Kossay K. Al-Ahmady, Rasha Khalid Sabri Mhemid ....1

A Studying the effectiveness of propolis against Salmonella abony and

Candida albicans and identifying its active compounds
Roud khalil Ibrahim, Mohammed Yahya AHawi c...cceeeeiieiiiiiieiiiiiiiniiieierenecnes 17




Nlinistiyv: of Hhaobher Eduneation

NGRS cientific research

Umﬁv sity: of Mosul

-

Journal of Al-Rafidain Environmet

ISSN: 2957-6601

Vol+:3 No.°1 Januarv 2028




