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Figure 1: Sampling stations with transects and different depths in the coastal of the southern Caspian Sea (2018-2019)
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Table 1: Minimum and maximum of parameters in different seasons, transects, regions and depths at surface layers
in the coastal waters of the southern Caspian Sea (2018-2019)
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Figure 2: Spatial-temporal changes of TRIXcs and UNTRIX in the coastal waters of the southern Caspian Sea (2018-2019)

S5 e ;5 NOX wig) laz o (peizman 0l oo

(1 JS2) 2208 (e Juad o j2r4) 2alS
WVoog, S +/+ ¥V Y DIP hale asals gudzs cpl )0
-NH4 siles (5,58-DIP alal; Soss1y, .ol oog
ab>de JlB (5,54-NOX (SasSTy & cod (5,98

20

asls ;o 5,98 535 by (e 0y Slnl Jolgw yo
NHE cale gios cnl o ol 52 5 )8 AAVIY
5 IVYVIAY shile ol i asels b oo 54 NOX
NH4 .).59) s w.w el 0399 )yyosjiw < JEA-VY/D

Ol Jad 0 pgasa) a5 gye0 blae o


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.2.5.2
http://isfj.ir/article-1-2404-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.2.5.2 ]

Q‘J\SAA K] GJJLA_I-I éd‘_}d‘_)_ual

ool 0391 V509,50 YIF-YF/D s0g0xs ,0 DSI ilale
e S st Jlae (S0 0 DSIclile Sl
&So3im DS las ol piomon 0l G 09 0ub Lo

| 099y ‘5....&[5 bl J}‘AB B

A AVl ® Y Hlbiwo)
0O e X ALl
Linear (1Y &l 3) — - — Linear (1A ;lg)
= Linear (AAObusb) — — - Linear (¥ 3sb)

NOx (NO3+NO2)
o
1

Salinity

s7a) Joad plad jo lax ol oS (g 5ba ol Sglate

as M.)Lsa UL..MJ U"‘ aS coul 099y ‘5....&15 ()...tla M
Ol pss ol 3adss )0 .Cowl oo DIP cdale o 5L

A Wb Y Sl

O le X Gkl
Linear (1Y Obwo ) — — -Linear (1Y 3wb)
— - — Linear (\M,lg) - = = = Linear (AAGbuwsb)
A o

Salinity

95 0355 Aol slael 58 (538 il 55 (Yag,500) S it i 5 (Y0950 aigel (Sl CAilé (Suisly ¥ S

OYAY-2A) 535 &by

Figure 3: Seasonal scatter plot of NH4 (uM) and NOx (uM) versus salinity in the coastal waters of the southern

Caspian Sea (2018-2019)
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Figure 4: Seasonal scatter plot of DIP (uM) and DSi (UM) versus salinity in the coastal waters of the southern Caspian

Sea (2018-2019)
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Figure 6: Long term changes (1994-2019) different forms of nitrogen in the surface coastal waters of the southern

Caspian Sea (2018-2019)

[ DOR: 20.1001.1.10261354.1400.30.2.5.2 ]

'y —x= JT jaué —O0— 5 b Yo A o (SAx0 hud
oy d
V.. . PO P
o o o .
Q. A. = [a) 0. 4
a = =
a 3 SR
X
g 2 .
2 .3 g‘ e
AR 2 2 ¥
2 ~ \
Y. A
ST . - rlelx|xl2z |3zl
> RIS L ||| |
wlelslulelzls|=zlelzlzlelslz]s ,l;&‘;‘:‘;&‘;‘:tk‘:‘:tk
> I IXIZX L X R KL || || || | <
étkttttkkttkttk e
Yo aas Ae ans 1. 4
Y ans Aeans AR
1.0
Y. o
2 .. |
172
A
é\._
3 i A
Yo
W o (x| w|> o | s |l = x| |~ |>|<
gzm;;i;;;;;;z;
Yo ans A and 1. ans

Figure 7: Long term changes (1994-2019) different forms of phosphorous and silicon in the surface coastal waters of
the southern Caspian Sea (2018-2019)

FA


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.2.5.2
http://isfj.ir/article-1-2404-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.2.5.2 ]

Yo (V) Ve ol ol (pale alas

ale et Bble lay Jgons job 4 Jlod b js 5o
laosls SaiSTy, a5 0 s yal pl .iogy DIP Lol
S stz BB sk 4 gsh -DIP Jlasas o
Andersson and ) o585 5,55 NOX loges
sl o> o> Jd>le s o (Rydberg, 1988
0y Yaeg, S +/+¥-V/-¥ DIP _hale aels 315
awslio ;o (5,05-DIP akal, o blis SusTy, 5 col
55 he azily b 45wl e alisde L6 (g,55-NOX L
-DIP Jloges bas i pols addllas jo 04l caillas
o A5 sbay 0oy Sglae alie Joad )0 (5,90
S oog (LhalS (b Jad j2a) Jgad plod o L
5 ke by b a5yt o s (L
oblas cal ooy wlawsd cdale - SYL s bl
Ui A Sl lsl 5 QY i S35l o w5
4 st sloaileog, 5o (it scolay 9g)5) ol
(B 4l 0 pgasa) )35 sb,e o5z oje>
Ls o) DIP clile alpl il a5 okl sl
@ ol L bt Jad o g (eSS

ol 0093 55l g dgpuiin cilS0g,
(Belt Sea and Kattegat) <Ll sb,o ,o aslas
ol 0 o8 s (6,98-DIP Jlogas ol a5 ols jlis
DIP 5l ol sl 4l f (oo mlie 99,9 poe ;i !
Sl 6oy 5 Wil Ly @ i sleallbos, w
210 el fign Corniag 5 (55226 5L 595 e
o DIP aals (Lbigy ) Sl slys s U
Shlo a8 witewsST ) j0 .28 5 &g ol anl
3 DIP (5 clale el 00y oy cnlio luio
L DIP LasSly a5 caul Jds opl 4 b (sle]
AErtebjerg et ) wb oo Jisl Slgw, 4 ool LS 3
90,10 0925 (I 5T 55,55 b, e @l 1998
Niyazi ) coul aba>de JB ool Heman ShHls clale
ey LB eb 4 Lyls ol cos (et al., 2016
B b B o sshe Jite cpe 4 b
o by sl el Gl (e Slgw 3 ey
azsly a5 aly o o oz o DIPCLLE Ll 00 -+
OSee Ll ool e nlplo aleioe anl 1) 555
FE e85 DIP o Ll 5l mdly (s8] oo
s ol anlllae slaodls b Condy cpl abls sanlin
ably )3 i & Hlopne alal; S y5br 39 Gelate
#q

-

Sype yo 1) garedy)l Sledbl Sl (598 slagSl
G et ol Sl Jate) e sdie dlge il
33 S S)lge (B 5 5 SR Slge (6395 @ (leis
g oMbl ol S e ealp L5l slaan] b
an3 g i) (ooaalSiits o b oo it I oty
oK o Artebjerg .(Artebjerg et al., 1998)
s NHE clale clagSll a5 wo S L5155 (143A)
calsg, albes o Sl Ll o Jled sl
Gk yd il &fly el 5 wile glaysis s
e 50 YU S99 )35 bys (8 4l o 58 ol
450D G 39 Sber Ol a0y, 5 (Il jo b
ol o (Vses,Seo FIF o V/A) NHA clale iSlas
Cilles i slassil b o5 05,5 b o il
NOX s NHEA Solus 5 ol (Jloi byo o o)l
Olmey Job 5ol 0358 Ol (559 b L3l o
AnlE op e Sl 5 Cu st @ eadgel ol
et 2l alewsay prisel 399 S5 sbay waloe
22215 o) NOX 5 NHA i 4 gize Ly ol
5 Spdiee dob 5l s Sl s (OgemlaraS]
rigel oS s (680l carr (ygmilSins i ] 5
31599 AL Glesl )0 098 o0 (2L)S Sl pitacmsST )
5 i NOX olie iSTas gl)ls bl ((Jole 3ble
9 OgwlonnS] anl s (Ko ol 4 ailesy NH4
AETtebjerg, ) coul 48,5 &5 iy (gemelSidy i
L,y sl e oy Slnl Jlee 5o (2001
NOX 3 NHA clalé wis, sy 0,8 ANAVY (5,58
SV g IVYSVIAY e Sl anels b oo
el S Gyed Bl 0 Ve S t7A
Jad 0 ) el Ol Jad 0 ppaa)
culin 45 a3 b a5 glay pl b el 00 (Gl
OS] (bl cnl 5o T Jslors ()3T (1052
St Gy 6)y3s ) YL slesl ;o NOX 5 NH4
Clle 5STas anlllas o g0 adlats o 455, 5bas wbly o
VA 5l S NOX clale g Y409, A 5l S NH4
oyl cllan 16Sie a1dl b a5 00,5 ol NVgag,Sas

! Back ground Concentration
% Hot spot
® Offshore


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.2.5.2
http://isfj.ir/article-1-2404-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.2.5.2 ]

L')‘JlSA.A K] GJJLA_I-I éd‘_}‘d‘_)_ua:\

8IS 1, (ke Slya S s 3 ol G pas
Clyaesd ooy Sz 550 lae 4y azgi b oeo oo
Ny, Ly sbye s Jolee sl olse
olyet ay ;35 Slyo 5o Gdke Slge Dlysd Dae SYsb
V5 F oSt 0, e (VYAV-TA) Lol> suiow
9 Aed D> e wlide glap,d as ols plis
Celdls _2al33l W, slove Lpmslons

NHE slo )by 22l5 5 (ial33) )56 Y Jsaz o
(DSI) Jsloo prkiws 9 (DIP)  Sore,and « NOX
o o3y Gli 55 sbyd (o5 0> (b sl
et sl Gl s, Wy ol e
Ny, g oo DIP als wig, 5l s asl cpl o
3 Ozmes Sl 0oy (ha Jolowe el DS
oRlB Gl N, b ey Vo P sladss
L gy 5l i (+1118) NOX oo+ /- $ANHA4
| 5Sie dllae o5 sl (-/+Y+) DIP il i,
2 DIP g NOX slacdale Jdos g 45300 008 oo ol
goas ol plas o Y )0 a6 slaosls b avglie
P VIASIY ial33l AT ams Jlg) 5 VWA (gloans
Sppo DIP jo s VY-VIE alsdl g NOX calé o
O Lo, pol> aioss o Lol (Y Joaz) canl aid 8
5 5elS ply </2Y s NOX clale o goljdl oy
WS CW az e sbools 4 cos DIP clale
alizee sladns ;o 09> pl JS ;0 DSI Wy, (i
a5y 8 L8 o slo b 4 o

Lﬁj Sgmle aal, ;o asly 6,90 9 DIP e s>

lds 5,98 o DSI clale oy alal, Jlod sbys o
S sysba o5 590 9 NOX il abal; (o551 aslies
dolaw) o)ls 05y ailbog, a5 dole bl o
5 slalsdle BBl (LT 5 S Lails ol SS|
Andersson and Rydberg, ) ss,5 - saalie DSi
oy DS sl olns ol s Lo (1988
o cbile 2SSl g Cenl oog SYgesSee Y/F-YEID
By, Sy b cos o Jelee (Soop
0397 )S D Zud (dgy0ehw) 3> by 25 J>lew
B> 5,55 DST (FassTyy o8 555 by o9
DSi Syle cdsllas ‘5)9..5—NH4 S L s by
St sl iz a5 31 5 8 Sz Lins

S o ol LasssST 51
Ui 5 DSi 5 DIP NOX NH4 Ssliss 5 sy
Gl Ssline Sl sl s Jled sbys 45 s)ed
3 8bee sl (558 5 (G3de Slge G abaily 4S5 j5boay
Slge Yool a5 ams o HLis el ol Bl o (P s
G gy oot Tb olulyy piacassST ()0 i
B> (Ol yudd (oSt ) gamslonnST
o pol> aslllae ,o (Andersson, 1996) wisd o
,5 DSi 5 DIP NOX NH4 a¥ls Sosliys 5 bss
u’_b?)...c A.L:J‘) &9.: U”‘ | 059 ujl&b&c 6)9w J.JLD.A
g WS anl g g JBlas a5 aas o olis zgoga

3yl Gudixi g A0 amo Jlgl v add 13,55 b yd (g 05> (b sligl o ke dlge ST I3l oS Y Jgux

(Reference values) gz w0 o yolio b s lio

Table 2: Factor of increases/decreases of nutrients in surface waters of the southern of the Caspian Sea in the 80,
decade, early 90, decade and the present study in comparison with the values of the reference years

Flyb Juw
NH4 NOX DIP DSi
- I#E M) <10y (uM) - IYY (UM) ANFQUM) 557 Sy OYVY-Y0) o o sla L
(Folds) 58
+Y/\ /Y EAAA +Y/AA YWWA- aas
+\\# +114 +8IYY +Y7%) VWA aas Jslgl
V/e- - 17y +ON\Y +fIvY 1PAV-aA

Gl —ceodle ial33 i eodle cxz e sla o & e (FOIAS) il sz oy =525


https://dor.isc.ac/dor/20.1001.1.10261354.1400.30.2.5.2
http://isfj.ir/article-1-2404-en.html

[ Downloaded from isfj.ir on 2025-12-06 ]

[ DOR: 20.1001.1.10261354.1400.30.2.5.2 ]

Yo (V) Ve ol ol (pale alas

calisee lao,g0 ,0 ol Ol dA) 8,5 od 8 Sl
5V S conl ooy il Ly )35 sbys a9 039>
e Coi a5 ool ] azg LB 4SS Ll (Y Jon
s BB b 4 V\YYY-AA sl Lo L DSI/DIN
o aslllas (VYRR (gg,b ool all ) ol aily zals
Cod (oalS Wy, a5 ol gl Sk sbye
Sl 5l o8l g iS s, Ll L DSI/DIN
Sladg Gl dds @) Sifem b 5,150
Rahm et al., ) aib oo (sdse olgo clale § (loangilis
3,5 by o alie auil ol muss opl (1996

Bl b B
O3Sl Fon Sy 5 Sedg gl Sliss W,
O3 9 BeeSdl byo Coxdg Veoans jo a5 ol lis
Aedaas o Ll cal atils JI8 el be S
> als 955 b peewsS] psir il
Jlo jo S sbay 28,5 1,8 By g Condg a4 Suoy
Nasrollahzadeh Saravi ) Sl> BeSs L VYAY
oLl cé T 15 Gy 5er b o Sls et al., 2014
Soxdy 4 g 4Bl ey plewsS| A ans bl
ol 039y (oSl gr Sy Gye 50 g Byyigie

Y..
9y
B R S N
”
X b g iy s
2 o
x
£
S e b LTETIS
Y. Oyl g2 &t 5 O30
Y.
3 3 3 3 3 3 3 2 3 2 2
3 & s % kS S = % = < s
¢
k3
Y. and A aas A ans

cdale jo il awslie L (1499) 4,1 4 Nausch
30 Ol GledgS g Loran yaud loolaiul b sdine olge
Sl (sl s mly oo Sl (sl yo 5K adlate
s & o |y Sl ikt s (ke slye G158
30 .030,5 0,9l Jlo 0=V oS A gdie Slge (39,9
Vel am oS 0ged LBl Bl o 555 by (29 039>
Gl VF Gl caw @3l sloosS Bras I Jlu
A (pol> Gadss L VWAL ans aslic) NOX clale
Sl egas 10 Lol ol atils cillae H553e audl L S
g Ae Jol a0 aml Cpl jo 0 0ud loogS B pas
ol oS Some jauwd cdale (e ans Plgh) pg0
o2 Sals g (Gols 3aaow) Ae ans Blgl jo g atils
3l yolbe ol olme L, yo el sols lis
3,00 397y dS g ol (pgasay eatredll GiSie Jd
Jsloe) Sis5 wlaS 5 > (DIP) wlaws b o5
s s S8 |y Jobels SLSS (asien
OHen 5 (g9 ke ooly Alyal gl co arilil Slga,
3 by e Slgw, o a8 sl oo (YYWA0)
5ot ol gt 0 Cod i calizee lap b clale

A8 g0 SLSN) jeSae leol aS wil oo ol B0 - e
slocls 56 cos DSi 69,5 a5 ol cpl 5 5,8

q..
A.e
)2'" Y.
T .-
E
0.
£
Yoo
I (3|32 |2 |22 2|3 ]2|32
3 & s K & & > = bt < <
3
‘s
Ve ans Aeans - and

GWosls) 135 lys e 0js> Slnl Jolew 50 UNTRIX g TRIXCS Sudgy grbaw (1YVY-0A) oo 3y ol poni A JSC

(el 0 (2005) Soloviev ;1 aid, 5w \YAF 318 yo

Figure 8: Long term changes (1994-2019) of TRIXcs and UNTRIX in the surface coastal waters of the southern
Caspian Sea (2018-2019) (Data at August 2005 adopted from Soloviev)
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Abstract

The spatial salinity patterns which give a picture of the area affected by eutrophication and
trophic status changes at the ecosystem. The aim of this study was to determine the area
affected by freshwater eutrophication using trophic level (TRIXcs), the risk of eutrophication
(UNTRIX) and the nutrient-salinity scatter diagram. Also, the data of the present study are
compared with previous year of studies. This research was conducted during 2018 to 2019 in
eight transects and at 5, 10 and 30 meter depths of Iranian coasts of southern Caspian Sea.
The results showed that mean seasonal changes of TRIXcs and UNTRIXcs were 4.94-5.59
and 3.57-4.17, respectively, which the highest trophic level and risk of eutrophication was
observed in summer season. In addition to, trophic level (TRIXcs) risk of eutrophication
(NUTRIX=4.30) of near the coast (5m depth) were high. Mean of TRIXcs and UNTRIX
between different regions (western, middle and eastern) were not significant. In the present
study, the maximum amounts of ammonium and soluble silica near the west coast were
recorded in Anzali transect and also under the influence of the largest river Sefidrud in the
southern shores of the Caspian Sea, but the points with maximum NOx and phosphate values
were observed in the east (Amirabad and Bandar-e-Turkmen transects). The nonlinear
relationship between NOx, NH4, DIP and DSi with salinity indicates that river flow and water
mixing were affected nutrient concentration and changes of trophic levels in the study area.

Keywords: Trophic index, Risk of eutrophication, Nutrients- Salinity, Iranian coast, Caspian
Sea
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