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B mopckoii Bosie COEp>KUTCST OTPOMHOE KOJIMYECTBO PA3IMYHBIX OpraHWYecKux BemiecTB. OHu
MOT'YT CYIIECTBOBATh B JIBYX COCTOSIHUSIX — B3BEIIEHHOM U pacTBOPEHHOM. bosbiiast yacTh Bcei
OpraHUKH, HAXOAIIEHCS B OKEaHUYECKON BOJie (B TOM YHCII€ M TIPEIMET HAIIETO UCCIEIOBaHUS

— XKENTOE BEIECTBO), OTHOCUTCS KO BTOPOMY THITY.

Cornacuo [4], pactBopénHoe opranmueckoe BemiectBo (POB) — 310 cymma
OpraHUYECKUX COCAMHEHUMN, TPOXOIAIINX uepe3 GuiIbTpsl ¢ pazmepom nop 0,45 — 1 mxm. Takum
00pazoM, B 3TO TOHSATHE BXOJUT HE TOJIHKO HMCTUHHO MOJICKYJSIPHBIM PAacTBOp, HO M MeEJKas
B3BeCh. Xumuyeckuil coctaB POB wnmeeT 3HauMTeNbHBIE Bapualli, OJHAKO B IIEJIOM BCE
pazHooOpa3ue MOXKHO pa3/ieIuTh Ha CEMb OCHOBHBIX TpYII: YIJI€BOJAbI; MPOTEHHBI U UX
MPOM3BOIHEIC; aln(aTHdecKue KapOOKCHIIBI; OMOJIOTHYECKH aKTHBHBIC BEIIECTBA (BUTAMUHBI U
TOPMOHBI); TYMYCOBBIE KHCIOTHI (3KENTOE BEIIECTBO); PEeHOIBI; YraeBo0po bl [5]. CyiiecTByOT
U Ipyrue kiaccuuKkalyy, 0JHaKO Mbl He Oy/IeM OCTaHaBJIMBATHCSI HA 3TOM, MIOCKOJIbKY JaHHBIN
BOIIPOC BBIXOJUT 32 PaMKH Hallero uccienoBanus. Hame uccienoBaHHE MOCBSIICHO IMSITOMN
rpymnmne. JTa rpynmna BelecTB Oblia OTKpbITa mnpodeccopoM okeaHorpaduu I'amOGyprckoro
yauBepcuteta Kyprom Kamne B 1938 rony u Ha3Bana «Gelbstoff», uto B mepeBoje o3Hauvaer
«kénroe BemecTBo». Ero 0COOEHHOCTh 3aKJII0YaeTcs B TOM, YTO OHO €IMHCTBEHHOE U3 BCEX
rpynn POB cnocoGHO moriomars u3nydeHne B BUAMMOM CIEKTpe, IPUYEM MOTIIONIEHNUE PE3KO
BO3pACTaeT B CTOPOHY KOPOTKHUX BOJIH, YTO U 0OYCIIOBIMBAET €T0 JKEITOBATYIO OKPACKY, OTCIO/Ia
Y HaszBaHHe — «kénToe BemecTBo». OOpazoBaHue KENTOrO BEIIECTBA CBA3AHO C pa3pylleHHEM
MUTMEHTOB (XJIOPOQUIIIIOB U KapaTUHOMIOB) B 3€JIEHBIX BOAOPOCISIX. XIJIOPO(hUIT UMEET IBE
CUJIbHBIE TOJIOCHI TIOTJIOLIEHHS CBETA — CHHIOIO U KpacHyto. [Ipu pasznoxeHuu B nepByro ouepeanb
ucye3aeT XJI0podHI-a, ¢ KOTOPHIM CBSI3aHA KpacHas MOJIOCa, U OCTaeTcs OOJBIIOE «CHHEE»

MOTJIOIICHUE, XapaKTEepHOE sl ®KENTOTO BeecTsa [5].

Kénroe BCIICCTBO B MOpCKOfI BOAC HMECT JiBa HMCTOYHHKA: BBIHOC C CyIIH
NpEeUMYIICCTBCHHO PCKaMU (aﬂHOXTOHHBIﬁ I/ICTO‘-IHI/IK) n 06pa30BaHI/Ie HCIMOCPCACTBCHHO B MOPEC
IpH pa3IOKCHUU IIAHKTOHHBIX OPraHU3MOB (aBTOXTOHHLIﬁ HCTO‘IHI/IK). I[J'I}I CCBCPHBIX MOpCﬁ

XapaKTCpPHO HpCOGJ'Ia,[[aHI/IC JKEJITOr0 BEIIECTBa ANIOXTOHHOTO MPOUCXOKACHUA.
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[Touemy xe BaKHO M3y4aTh KENTOE BeuecTBO? Bo-mepBhIX, OHO OKa3bIBA€T BIUSIHHUE HA
poct ¢uromnankroHa. C 0HOW CTOPOHBI, MPUCYTCTBUE KENTOTO BEIIECTBA B MOBEPXHOCTHOM
CJIO€ YBEJIIMYMBAET TOTJIONIEHHE CBETA, TEM CAMbIM CIIOCOOCTBYS Jy4IlIEeMy MIPOTPEBY BO, YTO, B
CBOIO OuYepe/lb, BBI3BIBAET OypHOE pa3BuTHe (uToruiankroHa. C apyroil CTOPOHBI, MPUCYTCTBUE
B BOJIC KEJITOrO BEIIECTBA MOXKET, HA00OPOT, 3aMeIATh POCT (PUTOIUIAHKTOHA, OCOOCHHO Ha
riyOuHe, 3a CY€T YMCHBUICHHUS OCBEIIEHHOCTH B BoJaHOW Tonmie [2]. Bo-Bropwix, xé&nrtoe
BEILLECTBO MMEET OOJIBLIOE 3HAYEHUE NPU MOHUTOPHHIE HKOJIOTMYECKOTO COCTOSIHUS BOJ U
MO>KET pacCMaTpUBAaThHCS B KaUeCTBE HAJEKHOTO Tpaccepa JUIsl OLIEHKH TpaHC(hOpMalluu PeYHBIX
BOJ B YCThEeBBIX oOnacTsix. Kpome Toro, Hamuuue >KENTOrO BEIIECTBA MOXKET BBI3BIBATH
3HAUUTENbHbIE OHIMOKM B M3MEPEHMUSX KOHLEHTpaluu xjopoduisia B MOPCKOM BoJe
CIyTHUKOBBIMHU CIIEKTPOMETpPAMHU. DTO CBSI3aHO C TE€M, YTO IOIJIOIIEHHWE CBETA MPOUCXOIUT B
CXOKHMX JHara3oHax, U pas3jeieHue XJI0opoQuiia U KEITOro BEUIECTBAa B TAKUX HU3MEPEHMSIX

SBJISICTCS HEMPOCTOM 3amaueii [3].

B kauectBe 00bekTa ncciaenoBanus Obuio BbiOpaHo bernoe Mope, a HMEHHO yCThe peKu

Kepers (puc. 1).
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Puc. 1 — Cxema GeperoBoit iuHNM ryOsl Uyna ¥ MECTONOJI0KEHUE HCCIelyeMOoro paiioHa

(BBIIETICHO TPSIMOYTOJILHUKOM )

MeTtoanl

Ot60p mpo6 ¢ MOBEPXHOCTH MpousBoauics Ha 12-tu Toukax (puc. 2) 1 aBrycra 2019
rojna. ®aza MpUIMBHOTO IMKJIA BO BpeMs pabOT — MOJHAsl BOJA, HA4ajl0 CU3UTHHHOTO OTJIMBA.
Jlnst onpeneneHus couep kaHus )KENTOTO BEIIECTBA B BOJIE UCTIOIB30BATUCH ONTUYECKUE METO/IbI
WCCIIEIOBAHUS, a WMEHHO TPOBOJWINCH CHEKTPOPOTOMETPUYECKHE H3MEPEHUs Ha

cnekrpodoromerpe UNIKO 2100. M3mepenust Obutd mpoBeeHbl Ha TPEX AIMHAX BOJIH: 355,
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400 u 440 am. g ganpHEeHIMX pacd€TOB MCIOJIB30Bajach JUIMHA BOJIHBI 355 HM. M3Mepenus

OBLTH OCYIIIECTBIICHBI Ha 0a3e o0opymoBanus adoparopuu Orro Llmunra [6].

Jnis u3MepeHus TeMIepaTypbl, COJIEHOCTH M KOHIEHTpAaLUWU XJopoduiia B BOJHOMH
TOJIIIE OT IMOBEPXHOCTH JO JHA Hcmosb3oBaics ruaponorudeckuii 3051 OCEAN SEVEN

316PIlus CTD. 3ouaupoBanue MPOBOAUIOCH TOJIBKO Ha OCHOBHBIX TOYKaxX 1-6.

Ha Bcex cxemax-kaprax, NpeICTaBICHHBIX B HACTOSAIIEH paboTe, IS MOCTPOCHHS
OeperoBoii TMHUU UCTIONB30BajIcst OuHapHbiid apxuB ganasix GSHHG (A Global Self-consistent,

Hierarchical, High-resolution Geography Database) [7].
Pe3yabTarsl

[TosmydenHsie pe3ynpTaThl MPENCTaBIEHBI Ha puc. 2. B pailoHe wuccaeaoBaHus
npeobagaeT alTIOXTOHHOE KENTOE BEIIECTBO, TO €CTh €r0 OCHOBHBIM HCTOYHUKOM SIBIISIETCS
peka Kepers. CremoBarenbHO, JOHKHO HAOMIOMATHCS YMEHBIICHHE €ro COJACpP)KaHUS TIO0
HalpaBJIEHUIO OT YCThS PEKH K Mopro. OTHacTh 3TO JCUCTBUTENHHO TaK: MaKCUMAaJIbHOE
3Hauenue (20,91 M'l) HaOMrogaeTcsl B TOUke 1, Haxogsmeics B Hanbosee peyHou JacTu, Toraa
KaK MHHHManbHoe 3HauyeHue (18,93 m™) — B Hambonee MopucToii 30He — B Touke 6. OHAKO B
OCTaJIbHOM BHJHO, 4YTO HaONIONaeTCsl [OBOJILHO OJHOPOJHOE pacIpeneieHue KEITOro
BEIECTBA. JTO CBSA3aHO C TE€M, YTO HAOJIOJIEHUS! MPOBOJMINCH B OTJIUB, TO €CTh pedyHasl BoJa
JIETKO PaclpoCTpaHsIIach MO MOBEPXHOCTH OOJbIIEH YaCTH aKBAaTOPUU. Takke 3TO MOXKET OBbITh
CBSI3aHO C OOMJIMEM BBINAJAIONINX OCAIKOB, B pe3yIbTaTe KOTOPhIX cTOK KepeTu yBenuuuics no
CpaBHEHHUIO C uccieayeMbiM HaMu panee 2016 rogom [3]. DTUM ke MOKHO OOBSICHUTH U TO, YTO
B JJAHHOM HCCJIEIOBAaHUHM 3HAYECHUS IMOTJIOUICHUS >KEITOr0 BEUIECTBA OKA3aJIMCh 3HAYUTEIIHHO
BbIile: B Havane urosig 2016 roga MUHMMaIbHOE M MaKCHMAalbHOE 3HAYCHHS] B aHAJIOTUYHYIO

a3y npUIMBHOTO LUKIA (OTIUB) COCTaBIsLH Beero 14,51 u 15,66 M cooTseTcTBEHHO.

Y auBUTENbHO, UTO B TOUKax 3, 3a, 30 u B Toukax 4, 5 3HAUCHUS MOTJIOLIECHUS PABHBI WIH
MPEBBIIAIOT 3HAYCHUS B Touke 2a. COriacHO MOIeIbHBIM pacyéram [1], B IleHTpasbHON YacTh
ryosl Kepets (ctaniuu 3-4) ocTaToYHbIE MPUIMBHEIE SBICHUS 00pa3yIOT KPYrOBOPOT, KOTOPBIN
MOT BIIMATH HA HEOJHOPOJHOCTh PACIIPEICIICHHS KEITOrO BEIECTBA B JaHHOM peruoHe. Kpome
TOT0, COTJIACHO TOW MOJENH, Ha IUPKYIALUIO B IIEHTpaibHOU yacTu ryosl KepeTh okasbiBaeT
CWJIBHOE BJMSHUE TMOTOK, BBIXOAAMMK uepe3 mnposuB lloamaxrta. CormacHo »ToMy ke

HUCCICIOBAaHUIO, B paﬁOHe TOYKH 5 TaKXKe Ha6.IIIOILaCTC$I HeOO0IbII0e 3aBUXPCHUC.
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Puc. 2 — CxeMma pacripe/ie/ieHns oKa3aTess HOTJIOMeH s KENToro BemecTa (M) (crnesa) u

3HaueHus Temneparypsl (°C), conénoctr (%o) U KOHIIEHTpauu Xjaopodrmia (Mr/im) Ha

MTOBEPXHOCTHOM ropr30oHTe (0K0J10 10 cM) B OCHOBHBIX TOUYKax 1-6 (cripaBa)

N3BecTHO, YTO KOHIIEHTpAIUs >KENTOTO BEIIECTBA U COJEHOCTh HAXOMAATCS B 0OpaTHOM
3aBUCHUMOCTH, YTO M HoATBepxkaaeT puc. 3. IlpocnexxuBaeTcst JOBOJIBHO BBICOKAs KOPPENALUS
MeXIy ATUMU Tokaszarensmu (R? = 0,65), mo3ToOMy MOXKHO C/elaTh BBIBOJ, YTO OCHOBHBIM
HCTOYHUKOM KENTOrO BEILIECTBA SBJISIETCS PEUHOM CTOK, TO €CTh AJTIOXTOHHOE KENTOE BEIIECTBO

npeo6agaeT Hal aBTOXTOHHBIM.

Puc. 3 - I[I/Ial"paMMa pacceaHus MoKa3aTeys IMOTJIOIICHUA JKEITOr0 BEIIeCTBA U COJIEHOCTU
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This is the study of yellow substance distribution in the surface layer of the estuary area of the
Keret River. It was shown that in general it corresponds to a common pattern of yellow
substance distribution when the maximum concentration is observed in the river part, and
minimum in the sea part. However, in the central part of Keret Guba bay some local maximums

are observed due to circulation caused by residual tidal phenomena.
Introduction

Sea water contains an immense number of various organic substances. They can exist in two
states: suspended and dissolved. A major part of the organic substance in the ocean waters

(including the subject of this study — the yellow substance) belongs to the second type.
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According to [4], the dissolved organic matter (DOM) is the organic matter fraction in solution
that passes through a 0.45- 1 um filter. So, this concept includes not only the true molecular
solution, but also the fine suspension. The chemical composition of DOM has significant
variations, but in general they can be divided into seven main groups: carbohydrates; proteins
and their derivatives; aliphatic carboxylic acids; biologically active substances (vitamins and
hormones); humic acids (yellow substance); phenols; hydrocarbons [5]. There are other
classifications, but we will not dwell on this issue because it lies outside the scope of our study.
Our study focuses on the fifth group. This group of substances was discovered by the professor
of oceanography at the Hamburg university Kurt Kalle in 1938, and was named Gelbstoff which,
in translation, means “yellow substance”. Its feature is that it i the only DOM group that is able
to absorb radiation in the visible spectrum, and the absorption rises sharply with decreasing
wavelength, so that is has a yellowish color, hence the name — “yellow substance”. The
formation of yellow substance is associated with the destruction of pigments (chlorophylls and
carotenoids) in green algae. Chlorophyll has two strong light absorption bands: blue and red.
During decomposition the chlorophyll a associated with the red band disappears first, and what is

left is large “blue” absorption which is characteristic of the yellow substance [5].

The yellow substance in the sea water has two sources: it is either brought from land, mainly by
rivers (allochthonous source), or forms immediately in the sea due to decomposition of
planktonic organisms (autochthonous source). The northern seas are characterized by a

dominance of the yellow substance of allochthonous origin.

Why is it important to study the yellow substance? Firstly, it influences the growth of
phytoplankton. On the one hand, the presence of the yellow substance in the upper level
increases the light absorption, thereby contributing to the warming of the waters which, in its
turn, causes the rapid development of phytoplankton. On the other hand, the presence of the
yellow substance in the water may, on the contrary, slow down the growth of phytoplankton,
especially in the deep waters, due to the decrease of illumination in the water column [2].
Secondly, the yellow substance is very important in the monitoring of the ecological state of the
waters and can be viewed as a reliable tracer for estimation of the transformation of the river
waters in estuary areas. In addition, the presence of the yellow substance can result in substantial
errors in measurements of chlorophyll concentration in the sea water by satellite spectrometers.
That is associated with the fact that the light absorption occurs in a similar wavelength range, so

distinguishing of chlorophyll from yellow substance in such measurements is a challenge [3].
The object of the study was the White Sea, namely the estuary of the Keret River (fig. 1).
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Fig. 1 — The schematic map of the shoreline of the Chupa bay and location of the study area
(highlighted by a red rectangle)

Methods

The collection of samples from the water surface was performed at 12 points (fig. 2) on
August 1, 2019. The phase of the tidal cycle at the time of collection — high water, the beginning
of neap tide. To determine the content of the yellow substance in the water, the optical methods
were used, namely the spectrophotometric measurements performed with a spectrophotometer
UNIKO 2100. The measurements were performed at the three wavelengths: 355, 400 and 440
nm. For further calculations, we used the wavelength of 355 nm. The measurements were

performed on the basis of the equipment of the Otto Schmidt Laboratory [6].

The temperature, salinity and chlorophyll concentration in the water column from the
surface to the bottom was measured with a hydrological probe OCEAN SEVEN 316Plus CTD.

The probing was performed only at main points 1-6.

A binary data archive GSHHG (A Global Self-consistent, Hierarchical, High-resolution
Geography Database) [7] was used for delineation of the shoreline on all of the schematic maps

presented in this study.
Results

The obtained results are shown at fig. 2. The yellow substance of allochthonous origin prevails in
the study area, which means that the main source of it is the Keret River. Consequently, the
decrease of its content in direction from the estuary of the river to the sea is expected to be

observed. Partially that is true: the maximum value (20.91 m™) is observed at point 1 which is
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situated in the most inland area, while the minimum value (18.93 ™) is observed in the most
seaward area, at point 6. However, apart from this, one can see that the yellow substance is
distributed quite evenly. That is associated with the fact that the observations were performed at
low tide, so the river water could easily spread over the surface of the major part of the water
area. It also can be associated with heavy precipitation due to which the flow of the Keret River
increased as compared to 2016 (see [3]). That can also explain why in this study the absorption
values of the yellow substance are significantly higher: in the early July of 2016 the minimal and
maximum values during the same phase of the tidal cycle (low tide) were only 14.51 u 15.66 ™,
respectively.

It is surprising that at points 3, 3a, 3b, and at points 4, 5 the absorption values are equal to
or higher than the values at 2a. According to model calculations [1], in the central part of the
Keret Guba bay (stations 3-4) the residual tidal phenomena form an eddy which could affect the
heterogeneity of distribution of the yellow substance in this area. In addition to that, according to
this model, the circulation in the central part of the Keret Guba bay is strongly affected by a flow
going out through the Podpakhta Strait. According to the same study, a small eddy is also

observed in the area near point 5.
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Fig.2 — The scheme of the distribution of the value of absorption of the yellow substance (m™)
(on the left) and the values of temperature (°C), salinity (%o) and concentration of chlorophyll

(mg/l) on the surface horizon (about 10 cm depth) at the main points 1-6 (on the right)

It is known that the concentration of the yellow substance and salinity are inversely related
which is confirmed by fig. 3. A rather high correlation between these values is observed (R? =

0,65), so we can conclude that the main source of the yellow substance is the river runoff, in
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other words, the yellow substance of allochthonous origin prevails over that of autochthonous

origin.

Fig. 3 — The scatter plot of absorption value of the yellow substance and salinity
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