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O ABSTRACT 0O

This study was conducted during the period 2023-2024 at the estuary of the Al-Kabeer
Al-Shamali River, located in the Al-Raml Al-Janoubi area, Latakia Governorate, Syria,
to investigate the dynamics of nutrient transport and assess their impact on water
quality. Principal Component Analysis (PCA), the Redfield ratio (N:P) , monthly
nutrient load calculations, and the Canadian Council of Ministers of the Environment
Water Quality Index (CCME WQI) were applied. One water sample was collected
monthly over one year. River discharge and several physicochemical parameters were
measured, including pH, temperature, total hardness, electrical conductivity, turbidity,
phosphate, nitrate, nitrite, ammonium, chloride, and sulfate The PCA results indicated
that the nutrient group( NOs™ «NO,~ «PO,4-%) , represented one of the major factors
controlling variations in water quality. Monthly nutrient load analysis showed that
periods of high river discharge during winter transported greater quantities of nutrients
to the coastal environment. The Redfield ratio was considerably higher than the
reference ratio (16:1), indicating phosphorus limitation and the sensitivity of the system
to any additional phosphorus input. The CCME WQI value was 46.03, classifying the
water quality as "Marginal”, reflecting water quality deterioration due to elevated
nutrient and ionic concentrations and the exceedance of most measured parameters
beyond the permissible limits specified by the Syrian Standard Specifications (2007).
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Monthly Ammonium load
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Component Total of Variance % % Cumulative Total of Variance %
1 3,888 27,772 27,772 3,888 27,772
2 3,116 22,254 50,026 3,116 22,254
3 2,488 17,773 67,799 2,488 17,773
4 1,655 11,820 79,619 1,655 11,820
5 1,300 9,284 88,902 1,300 9,284
journal.tishreen.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260

433



Latakia University Journal. Bio. Sciences Series @ 2026 (4) 221 (48) alaall L slgull aslal) LAEDU) daals dlas

O ) el L ((PO4) clagilly (NO2) coyslls (NO3) i) (e S e i Byl asms Jo¥1 Jalell el
Sloall il Aujal) dikie daphs ae Gl (38155 ccamall ol Bagn o haeall Jaladl Jiey 13 o) 5Y)
b cpal) olie Aaalue Dllaia) ) Ailia) (ASESU gl Slamen) Gl Lass Vs e )3 mhY) (e adand)
2] o3 Capalls 20 e i) Eaglill i 5l (e lSpall o2 2 G cclidaall 315 5L
DEE el Lae ((EC) 4l 885 (SO4) iy Sls (Ca) asullSI S 55 Jasipd SE Jaladl Ll
psandl L il saally alaadl Glisd Jie cdonalall AibaS gl Clilaall 530 ey 1385 3pually daslal)
3555 330 G 5o Lo sas caal) Aihie 8 Al slaalls el slae DRI Ll ) Adla) eyl
(lisY1 o 3alyy A e ly3l Capaal) o Axalll ol ol agadi 38 LS L350 5SI AL ¢ il 250300 s
9] 4y Lpmhal) joladl) o Sala (uSay Jalall 138 o eapal) (108 Gl
«(Flow) Gaxils (Turbidity) 5,8l (DO) Jaiall GeansS¥1 Jio Lo ghsadls slsal) Jalsall 550 Gl Jalall Sy
oliall Ryt Gant ) g5 Gl salyy of U elld g dalal) 13 e Gl Jpasty (4NH) apised) sels con b
ASal) b R gl pe) ASalioal) Taaal Jalad) 138 s oy ) Jan daiis 3lSal) 3ol aa eclll) (a8 55 ads
L) Al i aaly Glai e cldsall ol paaiid Cum Lcaad) Jaby claall JSLel Joatlly Jal e,
L210[15] Sl alaill sasa 8 clpaaill apaatg oluall
eheldny ity 535 (Mg) aspsssalls (PH) J) dae P& e &ald ¢ el lsill bl Jalall Tasiy (i
lgialily A3 ealiall 4ulisd aaat 8 g oo Slaall o3n Caaliy 3581 Jliilly cabaal) (lisds i QU ol
4] obadd) B5a (385800 2 Bypeay g JUlly dypad)
8 Al obually el sl oy INAY) cllee il L ey Lee (Cl) clayyslSU adde gt A cualad) Jaladl Ll
Slo R Bage Cla sl add Cua il 4yl Uazdly Cipall sl (g Lsil datlie Jlain) we ccrundl) diliie
[36] delially Ldndl aladl ce gl skl

g paal) cpdipall Cra puiisa (8 Ayl SliSpal) BLS) Jara 1(4) Jgaad) gy

Rotated Component Matrix?

Component

1 2 3 4 5
Flow 409¢ . 084¢- 429¢-
IO 954¢ 001¢ 108¢- 021¢- 012¢
ik 192¢- 467¢ 664¢- 011¢- 409¢-
NO2 - 032¢ 541¢ 065¢ 046¢
Pon 837¢ 383¢ 160¢ 046¢ 032¢-
Do 024¢ 035¢ 885« 201¢- 081¢
pH 147¢- 145¢ 087¢ 919¢- 134¢
Lo 078¢ b52¢ 246¢- 603 303¢
Turbidity 490~ 173¢- 658« 445¢ 017¢
Temp 265¢- 4524~ 527¢- 440¢- 453¢
ca 052¢ 949¢ 113¢ 031¢ 038¢-
ke 295¢- 447¢ 039¢ - 258¢
cl 044 041¢- 085¢ 037¢ 937
S04 297¢ 821¢ 124¢- 016¢- 156¢-

journal.latakia-univ.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260

434



L canusl casnlyl el U el Crmn o oliall 5asm anily lball Jleal 4€0lin

coselal) (el amy gangy ol Akl Crpls Cum (L& e Aused LA daua Scree Lahais i LS

Scree Plot

4

3
3 ‘
E >

1

o

1 2 3 & 5 =] T 8 =] 10 11 12 12 14
Component Number

Scree Plot i :(6)Jsdd)

Component Plot in Rotated Space

Component 2

05 AR

ne‘“a

10 o5

0pQ
oo 05 10 A0 05

c°mDonem 1 co“\po

Al Jalgad) ¢ lad b ) piiall £365 gy 1(7) JSad)

s ) el Les (16:1) alda sl dma el Dol ) glat i) ol ppen o oy 1alidyy Sde @il
@ gl paill Saall jeaiall 3a shugdl) ML - ghasdll (8 20l (el Qe g i) ClSHe (A s
S sl (ol eladl L) alaill dialus Al oda et LS L Guldl) 5538 Jel€ DA Ayl oludl)
Al Bleall sl I el 5Y) 5aUAl wp iad W o sam of Ra Cus cliugill

AV i s NP A 330 ) sl Laa eIl il gdl) 380 55 (mléaily dpuaill 13 dai jal) ) cilasi ) LS
stnssill A3 ganal i el b bl Al of i) s sl yidl) el A ) sias gl A3 50n0
cenal) Cipall slae Gy e Aazd¥L 330 led) (8 w03 Jaas g5 ¢ sal) Gl

journal.tishreen.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
435



Latakia University Journal. Bio. Sciences Series @ 2026 (4) 221 (48) alaall L slgull aslal) LAEDU) daals dlas

raldy) il (4) Jsaad g

faal N Total (mg/L) P (mg/L N (M) P (uM) N:P Lo
5/9/2023 10.89 0.2 777.9 2,10 369.6
4/10/2023 10.50 0.18 750.0 1,89 395.8
6/11/2023 2.88 0.03 205.7 0,31 651
12/12/2023 19.19 0.98 1370,7 10.31 132,9
14/1/2024 8.61 0.45 615.0 4.73 129,8
21/2/2024 10.10 0 721.4 0 0
14/3/2024 5.98 0.05 427.1 0.52 812
21/4/2024 4.75 0.08 339.3 0.84 402
21/5/2024 4.42 0.07 315.7 0.73 428
16/6/2024 4.82 0.1 344.3 1.05 327
21/7/2024 9.70 0.12 692.9 1.26 548.6
21/8/2024 12.62 0.15 901.4 1.57 571
5/9/2024 11.03 0.12 787.9 1.26 635,3

:CCME WQI sluall 3asa aiSl) yiigal)
el Y (2007) sl Lndla aysiil Ayysudl Gpldl) Claalsll e mliil) i b olaeYl L 2l
s (B oluall Bagn il aainal) ibagl)
Al l) clialpal) quus slsal) dadlua a gl 4y geall 4y ggand) A g Jgarall ¥ aral) :(5) Jsaadl

12007 alal (45) a8, 4y g

Lalll) liafpal] caes 4y £ pacnal) 2alf Saagll el CsSall
Ly el
6.5-9 = pH gl A3
1500 [ ugas Saa EC Lty
500 J /i TH L3I Syl
250 e cl il pls
0.5 JJga PO, Cildeggdlf
500 Jia TH LY Spleady
50 Jfaa No3 il
0.5 Jia NH4 agisadl)
250 J & S04 ety s
5 NTU Turbidity Slsef
0.2 Jé No2 il
5> Jfaa Do Jaiall pawss¥)

Cun gl (pa 33 salal daliall il Jdlas il e COME aiSl) jisall dpluad) ¥ aleall Gaudaiy

dakhatall F1 F2 NSE F3 WQl gl
Cuaal) 83.33 35.90 0.298 22.46 46.03 O B —
A1 )

journal.latakia-univ.edu.sy

436

Print ISSN: 2079-3065 , Online ISSN:2663-4260




L cnad cantlyl Setll €l el e B oludl) 5asn anity iliiall Jleal A€l

46.0 iy i5d) ded o (CCME WQI) xSl olaal) 835a e alatinly sluall Baga ani il <yl
Gy Lae ol slaad Gpud) Gaulil) dialpall Gy Loy mpamsall 35aall chigall el jolasl @lld sgey
Lilpadl) Lald) e o) Basa 3 Bale Hasi ) udy Loy (-Marginal) a0al) 5 Gaca sl
Sletll €l el (s Joelal Al ¢ [16] el Jems A il ae il o2 (38555 Aibaslls
S L cclpaalls Ayl AV skl Bhldl 3 dald ol deg aalp ) col 4855 gl
el sl e bl jabias 5l )il

¢ 44.35 = 51.4 Gy sl a8 ol Cum (Bhall Jasndl g5 (A [1] o3ns Lo e Ansill 038 (38155 Lia
Jie cbiall Laldy Adbesl chuial) Gan gl il dam alalelly B On o) 3 iilag
S s o oS Lasl) bl a0 80l o ) bl sda iy ldugilly cygilly il
el Al G Anslsyuel) oyl (IR ve i sball Bagn jdise dad aliad)

3sall slatl Unsale BlSs Gaads Blil F2 (35.9%) 5 F1 (83.33%) (e JSI dniiyall adll (S
& Aaugie 328 Gl Glihas) agag A F3 (22.46) dalae dy s A chuid) e 2aa] Al
Oud olaal) Basa B saxil) of il s yelils Lcyilly oyl B)SR)) Jie ke B Aald cAadiye
Sy paise G bakua g Uy e

il Sy Jagy Hall 1 ol (Outfall system) 1A gise Uile ias Jid dual) dahic of ) il
A2z ¢ oaall Capeall slae oy ¢ e lp3ll adandl Glpall e Zaalll ccliaal e Lall cdaal
el (gyae Jsh e daiad) Gy a0

Jak ¢us ¢(Localized eutrophication)  sagall Sl o)) (e Als 252y ) Gllanddl i WS
s Sl g )y Jaial) GeansSsY) b aliail e Glie copisa¥ls cuilly cliugdl) 3S)5 g i)
Loe cdggaal) ABSH o o U uan€ U S eDlgiadl Lgaing o(alladall sad) 401 Apality) 50l ) aadll 138
bl Baga Hsadig Sl (Il (& Gl

) Cuadll of slaall 3352 d3a5 PCA giling aldsy dawy clbidall 5855 g JalSll iy ol e 2Ly
Al ailadll yuts cldaall gl Lyl diuall i) bkaal) dags 530 15U saiie 4L
Dora bl o3a 35 bl B (B awS s ) cblall sl @l oy G dibesls
el el Syt ccipall ol dallas Guuads (gl jalas (e aall Jadi AGd 3la) el slaiel
AL 3l Al Glarimy Sl ¢l alatiasl Chagy ¢yl

t@luagilly clatitiuy)

clabiiay)

@il Cappatl) Jiayy cadipall lyall Elaaly lagye (Pulsed export) g by cilia) 385 sy o
ad) Q) bl Jis L oSlal) Jalall

journal.tishreen.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
437



Latakia University Journal. Bio. Sciences Series @ 2026 (4) 221 (48) alaall L slgull aslal) LAEDU) daals dlas

Al lapally Jagiys ASa Ji ldusdll Wl cpmg nll KU Jeall an gl JSE1 4 gl o
Gl Balely camily il

gl Lalidl sasal) jeaiall o Hhusdl) of ) NiP G juis e

bl Basa g le Nt WQI ji5a (Say @

ciluagil)

i Pl cleldll iy L <0 Gy (Load) Jla¥l e adiad 490 aa) maly dlic] e
Dl (gt ALalSia 53] slaie |y Abiinal) Jlaal 3l AdlasSanglg sz 3lad aladiuly cadizall Gl
Capeal) ola dallae dadail kil AlaYl adandl Gloall (o 2alls L)) 3l saan) aladind 5y)3) Gpuas @
bl Sl jhlie Joa Al Legill et olually auall

References:

[1] A. A. Al-Ziyadi and A. O. Shaawiat, “Water quality assessment of Al-Sabil River, Iraq
using of CCME index,” International Journal of Aquatic Biology, vol. 12, no. 1, pp. 1-10, 2024

[2] A. E. Akinnigbagbe, S. O. Popoola, O. O. Oyatola, et al., "Spatiotemporal patterns of
water quality, nutrient dynamics and chlorophyll a concentrations in Five Cowries Creek
from 2022 to 2024," Discover Water, vol. 5, no. 1, p. 63, 2025.

[3] A. W. Morris, R. F. C. Mantoura, A. J. Bale, and R. J. M. Howland, “Very low salinity
regions of estuaries: Important sites for chemical and biological reactions,” Nature, vol.
274, pp. 678-680, 1978.

[4] C. A. J. Appelo and D. Postma, Geochemistry, Groundwater and Pollution, 2nd ed.
Leiden, The Netherlands: A. A. Balkema Publishers, 2005

[5] C. Gao, X. Chen, C. Wei, and X. Peng, "Application of entropy weight and fuzzy
synthetic evaluation in urban ecological security assessment,” Chinese Journal of Applied
Ecology, vol. 17, no. 10, pp. 1923-1927, 2006.

[6] C. Redfield, "On the proportions of organic derivatives in sea water and their relation to
the composition of plankton,” in James Johnstone Memorial Volume, Liverpool, U.K.,
1934, pp. 176-192.

[7] C. Redfield, "The biological control of chemical factors in the environment,” American
Scientist, vol. 46, no. 3, pp. 205-221, 1958.

[8] Canadian Council of Ministers of the Environment (CCME), Canadian Water Quality
Guidelines for the Protection of Aquatic Life: CCME Water Quality Index 1.0, User’s
Manual. Winnipeg, MB, Canada: CCME, 2005.

[9] D. Hammoumi, H. S. Al-Aizari, 1. A. Alaraidh, et al., "Seasonal variations and
assessment of surface water quality using Water Quality Index (WQI) and Principal
Component Analysis (PCA): A case study,"” Sustainability, vol. 16, no. 13, p. 5644, 2024.
[10] D. L. Breitburg et al., “Declining oxygen in the global ocean and coastal waters,”
Science, vol. 359, no. 6371, Art. no. eaam7240, 2018.

[11] D. S. McLusky and M. Elliott, The Estuarine Ecosystem: Ecology, Threats and
Management, 3rd ed. Oxford, U.K.: Oxford University Press, 2004.

[12] Nutrients in Transitional, Coastal and Marine <nment AgencyEuropean Enviro
European Environment :Copenhagen, Denmark <Report No. 16/2022 Waters, EEA
2022 «Agency

journal.latakia-univ.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
438



L cnad cantlyl Setll €l el e B oludl) 5asn anity iliiall Jleal A€l

[13] F. Jiang, C. Ye, F. Wang, T. Dong, J. Wei, Z. Kapelan, J. Hofman, Z. Xu, and W.
Chu, "Identification, sources and accumulation behavior of priority pollutants discharged
to surface water from stormwater systems,"” Water Research, vol. 287, p. 124313, 2025.
[14] Food and Agriculture Organization of the United Nations and International Water
Management Institute, Water Quality in Agriculture: Risks and Risk Mitigation. Rome,
Italy: FAO, 2023.

[15] H. F. Muniz and E. C. Oliveira-Filho, "Multivariate statistical analysis for water
quality assessment: A review of research published between 2001 and 2020," Hydrology,
vol. 10, no. 10, p. 196, 2023.

[16] H. M. Husein, M. Beda, E. F. Ali, 1. Zaghtiti, and A. Karbouj, “Hydrological Study
Syrian Shamali Basin,” -Kabir Al-and Monitoring of Some Pollution Indexes of Nahr Al
2017 «95—vol. 4, no. 3, pp. 80 «<tural ResearchJournal of Agricul

[17] H. W. Beusen, J. C. Doelman, L. P. H. van Beek, P. J. T. M. van Puijenbroek, J. M.
Mogollén, H. J. M. van Grinsven, E. Stehfest, D. P. van Vuuren, and A. F. Bouwman,
"Exploring river nitrogen and phosphorus loading and export to global coastal waters in the
Shared Socio-economic Pathways," Global Environmental Change, vol. 72, p. 102426, 2022.

[18] H. W. Paerl, J. T. Scott, M. J. McCarthy, S. E. Newell, W. S. Gardner, K. E. Havens,
D. K. Hoffman, and S. W. Wilhelm, “It takes two to tango: When and where dual nutrient
(N & P) reductions are needed to protect lakes and downstream ecosystems,”
Environmental Science & Technology, vol. 50, no. 20, pp. 10805-10813, 2016.

[19] J. W. Day, C. A. S. Hall, W. M. Kemp, and A. Yafez-Arancibia, Estuarine Ecology,
2nd ed. Hoboken, NJ, USA: Wiley-Blackwell, 2012.

[20] L. W. Kaul and P. N. Froelich, “Modelling estuarine nutrient geochemistry in a simple
system,” Geochimica et Cosmochimica Acta, vol. 48, pp. 1417-1433, 1984.

[21] R. G. Wetzel, Limnology: Lake and River Ecosystems. 3rd ed. San Diego, CA, USA:
Academic Press¢ 2001.

[22] R. J. Diaz and R. Rosenberg, “Spreading dead zones and consequences for marine
ecosystems,” Science, vol. 321, no. 5891, pp. 926-929, 2008.

[23] P. D. F. Isles, “A random forest approach to improve estimates of tributary nutrient
loading,” Science of The Total Environment, vol. 248, no. 1, p. 120876, 2024

[24] R. Khatun, "Water pollution: Causes, consequences, prevention method and role of
WBPHED with special reference from Murshidabad District,” International Journal of
Scientific and Research Publications, vol. 7, no. 8, pp. 269-270, 2017,

[25] R. M. Madjar, G. V. Scéeteanu, and M. A. Sandu, "Nutrient water pollution from
unsustainable patterns of agricultural systems: Effects and measures of integrated
farming,"” Scientific Reports, vol. 16, p. 3146, 2024.

[26] R. W. Howarth and R. Marino, “Nitrogen as the limiting nutrient for eutrophication in
coastal marine ecosystems: Evolving views over three decades,” Limnology and
Oceanography, vol. 51, no. 1, pp. 364-376, 2006.

[27] R. W. Howarth, D. P. Swaney, G. Billen, J. Garnier, B. Hong, C. Humborg, P. Johnes,
C.-M. Morth, and R. Marino, "Nitrogen fluxes from the landscape are controlled by net
anthropogenic nitrogen inputs and by climate,” Frontiers in Ecology and the Environment,
vol. 9, no. 1, pp. 3743, 2011.

[28] S. F. Pesce and D. A. Wunderlin, "Use of water quality indices to verify the impact of
Cérdoba City (Argentina) on Suquia River," Water Research, vol. 34, no. 11, pp. 2915-2926, 2000.
[29] S. R. Carpenter, N. F. Caraco, D. L. Correll, R. W. Howarth, A. N. Sharpley, and V.
H. Smith, "Nonpoint pollution of surface waters with phosphorus and nitrogen,”
Ecological Applications, vol. 8, no. 3, pp. 559-568, 1998.

journal.tishreen.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
439



Latakia University Journal. Bio. Sciences Series @ 2026 (4) 221 (48) alaall L slgull aslal) LAEDU) daals dlas

[30] U.S. Geological Survey, Nutrients in the Nation’s Streams and Groundwater (1992—
2004), Circular 1350. Reston, VA, USA : U.S. Geological Survey, 2010.

[31] U.S. Geological Survey, SPARROW Modeling of Nutrient Transport in Streams and
Rivers. Reston, VA, USA: U.S. Geological Survey, 2012.

[32] United Nations Environment Programme, Global Environment Outlook 6 : Healthy
Planet, Healthy People. Cambridge, U.K.: Cambridge University Press, 2019.

[33] World Health Organization (WHO), Guidelines for Drinking-water Quality : Fourth
Edition Incorporating the First and Second Addenda. Geneva, Switzerland: World Health
Organization, 2022.

[34] Y. Li, J. Chen, H. Wang, and L. Zhang, "Ammonium dynamics and nitrogen
transformation processes in river ecosystems under anthropogenic influence,” Water
Research, vol. 254, p. [1] 121372, 2024.

[35] Y. Zhang, L. Ma, and X. Chen, "Storm events dominate annual nitrogen export in
agricultural watersheds," Water Research, vol. 215, p. 118250, 2022.

[36] Z. Nadjet, M. Abdelmonem, B. A. Badra, et al., “Multivariate analysis of groundwater
quality using PCA and HAC: Geochemical controls on mineralization, nitrification, and
pollutant dynamics in southeastern arid region of Algeria,” Desalination and Water
Treatment, vol. 324, p. 101463, 2025.

journal.latakia-univ.edu.sy Print ISSN: 2079-3065 , Online ISSN:2663-4260
440



