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29 2 A= T AYE EFol S7HEL e SR (23 FAPHS et AAE sfeE (Lt Fa ol EEEt
541 B2 BE MBS siolela QA4 718 ) TSR] R4S Folel 2 Ao §712 719L Setstnd sk 7
AR Y AAH o R 52 59 FFA(DIN; 1.6+1.0 mg/L, DIP; <0.1 mg/L, SiOy; 5.6+2.5 mg/L), YAHJ(POC; 0.6+0.2 mg/L,
PN; 0.240.1 mg/L) @ 24 £7]94(DOC; 2.7+1.3 mg/L, DTN; 1.9+1.1 mg/L) A3} 317, AA7F 2pd Al b= e
H= F8 54, AR, Z4A W 71918 198 7|99 5 F7] 925 AR, 455 39 599 Aozt dddAY. d4n-
B3l U ol f4e AdFoR Yor AR g e HeA vE B vt AA7AE, AEEHIEE) T 194 7Y
A71E(HE, Lo 9 A8 A4, ti7] 13) 9 2 A 9FE AEF o2 Uit AR fU1E9 Ba-d4 PsHd
2HE AL Ho| Xt £ 2Y 23, 2 A9E AAH(C AE, Y AESFIE) D ANFME, L+ L 98 dd) 7]
A 718 719 == A2 T2 BYE B3o, oY A 719MIE; 16+7%, 284 9 A 34+18%)E2 A== Q13 3f
FE W F¥E-771E <8 W 78S ool = itk 25 A4FR BUEHHEE S 7] € 522 fUE 5 e
5771 e g YA dolguo]A FHo] R, o]F Fal SA-At-AYd AZN (A HA EReE WA
A 4 5 oot a3 7|2ARE ATE 5= oS Aozt wrE

FRO: QPSP A, ALY, 712, EXI0|SYEY, HOJAQF 28t 2
ABSTRACT: We investigated spatial variations of physicochemical components from terrestrial to marine environments (Hyeong-san River,
Young-il Bay, East Sea) where recent anthropogenic activities were increasing. Based on these results, we additionally determined
discriminative origins of organic matter (OM) by analyzing stable isotopic compositions of particulate OM. Together with the relatively high
concentration of nutrients (DIN; 1.6+1.0 mg/L, DIP; <0.1 mg/L, SiO,; 5.6+2.5 mg/L), particulate and dissolved organic elements showed
discriminative variations (POC; 0.6+0.2 mg/L, PN; 0.2+0.1 mg/L, DOC; 2.7+1.3 mg/L, DTN; 1.9+1.1 mg/L) within the Hyeong-san River.
In addition, different isotopic patterns of particulate OMs indicate that anthropogenic sources within agricultural, industrial, and urban
boundaries may be substantially transported through surface runoff. Meanwhile, hydrochemical properties at marine systems (Young-il Bay
and East Sea) were relatively lower ranges than those of river systems. The discriminative isotopic signatures within water columns may
reflect mixed source contributions between autochthonous (algae) and anthropogenic OMs (fertilizers, sewage and combustion, atmospheric
deposition). Based on these results, the contributions of natural (C; plants, marine phytoplankton) and anthropogenic (fertilizers, sewage
and combustion) OMs showed significant differences between each boundary, causing that predominant anthropogenic sources (fertilizers:
16+7%, sewage and combustion: 34+18%) transported from river systems may potentially influence nutrient-organic matter cycling within
the marine environment. In near future, further study via periodic monitoring is required for establishing systematical strategy (i.e., isotope
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database) related to the precise tracing of anthropogenic origins into the atmosphere-aquatic boundaries. Finally, these approaches provide
important information for tracing biogeochemical interactions between river-estuary-ocean boundaries.

Key words: stable isotope, nutrient, organic matter, land-use type, Bayesian mixing model
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Fig. 1. Map of sample sites within the Korean peninsula (a-c). Each sample group denoted by different color according to physical
properties. Sample sites within the river catchments were divided along categorized land-use types (agriculture, urban and in-

dustry).
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Fig. 2. Spatial variations of physico-chemical properties (a-h; temperature, salinity, dissolved oxygen, NOy, NH;", PO,*, SiO5,
DOC, DTN, POC (concentration, isotopes), PN (concentration, isotopes)). The concentration and stable isotopic composition
of POC and PN are represented by colored rectangles and circles, respectively.



Table 1. Estimated physicochemical parameters within water mass boundaries.

POC/

DOC/

Boundary Sample Temperature Salinity DO~ POC PN " 0" DOC DTN o0 NOx NHs PO, SiO, §Croc 6" Npn
T psu mg/L mg/L mg/L mg/L mg/L UM uM M M % %o
R1 253 02 76 08 01 62 21 1.8 1.2 113.6 3.0 1.6 216.1 -21.8 4.7
R2 25.1 03 74 06 01 58 24 1.8 14 1096 1.7 1.6 2033 -229 52
R3 259 30 72 09 02 43 16 12 14 481 25 1.0 1084 -30.1 8.6
R4 26.9 1.5 70 05 02 31 68 45 1.5 183.6 759 22 396.8 -22.8 9.5
RS 27.3 57 7.1 07 01 57 23 14 1.6 813 57 1.9 1389 -250 52
River R6 28.0 03 92 07 02 37 22 15 1.5 899 27 04 3169 -232 1.2
R7 28.9 35 89 05 02 22 23 09 24 672 42 1.3 2162 -21.0 53
R8 27.5 56 67 03 01 25 23 09 25 527 44 14 1548 -235 49
R9 25.7 24 70 07 02 37 18 35 0.5 1221 1154 14 2446 -234 0.1
R10 27.1 46 71 08 02 48 27 21 1.3 989 440 1.8 2014 -240 28
RI11 27.7 87 69 03 01 26 29 1.2 24 367 69 1.1 863 -259 92
R12 27.6 74 70 08 01 69 26 15 1.7 794 11.6 19 129.1 -252 72
El 264 259 69 03 01 28 16 05 32 207 65 12 519 -203 6.0
E2 25.0 329 69 09 01 96 1.0 0.1 7.0 07 1.0 00 48 -193 104
Estuary E3 26.5 313 53 08 0.1 160 1.0 02 6.4 06 09 00 38 -19.1 103
E4 26.1 31.8 45 03 01 52 10 02 5.7 0.1 1.6 00 07 -202 8.1
ES5 26.2 317 46 04 01 67 1.1 0.1 8.3 0.1 06 00 1.0 -202 8.7
E6 26.1 31,6 48 07 0.1 13.0 1.0 0.1 8.0 0.1 1.8 00 08 -19.0 83
Ml 259 319 47 01 00 51 08 0.1 7.5 0.1 09 09 17 -208 79
M2 26.1 322 45 01 00 114 0.7 0.1 7.3 03 14 14 18 -21.6 53
Marine M3 259 321 43 01 00 37 08 0.1 74 02 13 13 24 -235 44
M4 26.0 320 44 01 00 19.6 06 0.1 6.7 0.1 1.8 18 1.8 -23.6 3.0
M5 259 320 45 01 0.0 248 1.0 0.1 7.9 0.1 14 14 16 -224 6.1
M6 26.7 321 45 01 00 154 09 0.1 8.3 0.1 13 13 33 -239 43
A Tributary @ River QO Estuary @ Marine "?):%] XL E/}:}X] ‘}l 6}-,—7qa7<1-0ﬂ/\1 7] O]H H]ES’_]— Agp:]- o]—
N T 2SS 22 AFA ULy 2 BAE YE
= 918 Aol HAH K Thayalakumaran ef al., 2008;
24 Zendehbad et al., 2019; Chen et al., 2020; Malag6 and
s Bouraoui, 2021). T3t 515F AA(RY, R10)oA] 2] A&
> o2 o AxA JYPe FEE TVAY U AV
i (ol A= A, FUTHO] B Tef) B 4= Uck(Zhang
et al., 2018; Hong et al., 2019; Tian et al., 2021). B]& A
] PYATE I8 Hu® d7AS W ti7ls AAEkE
(NO2)9] 5%=(0.01-0.03 ppm)7} =Z-of B3l wu|3}A| Tk
7 (Lee et al., 2023), A AG W th7]F w]AIH X (PM,0)¢]
s 4 2 0 2 4 6 EE(97%, 50.5-70.2 ng/m’)o] HZFAAAR| oA 7191

PC1(66.3 %)

Fig. 3. Results of the principal component analysis (PCA)
based on physicochemical components within study sites.
Each sampling group is denoted by a different color.

3= Ao 2 By vl QJth(Jung ef al., 2010). T3t A7
A F Ak ABEY 2714 ABhE o) FAE WA
(HNO»)& =2 7“:]7('] o =3} x] oz w 2=l gj7|

‘ITE
444 222 53 %3o] o]

W &L =
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Table 2. Pearson correlation matrix for physicochemical parameters in the study area.
Temperawre Salinty DO POC PN 'O/ poc DTN POCN Nox NH, PO, siO,
Temperature 1 -04  04* 0.0 0.4* -0.3 0.4 0.2 -0.3 02 -00 03 0.4
Salinity 1 -0.9%* -0.5%* -0.9** 0.6%* -0.7%* -0.8** 1.0%* -09%* -04* -0.9%* -0.9**
DO 1 0.6%* 0.9%* -0.6%* 0.6** 0.6*%* -09%** 0.7** 02 0.7** 0.8**
POC 1 0.7#*% -0.3 0.3 0.4* -0.5** 05* 02 04* 04*
PN 1 -0.7%% 0.6%*  0.7%%  -0.8%* 0.7%* 04* 0.7*¥* 0.8%*
POC/PN 1 -0.5%  -0.5*  0.6*%* -0.5* -03 -0.6%* -0.5%*
DOC 1 0.9%% -0.7%% (0.8%* (0.5%* (.8** (.8**
DTN 1 -0.8%* 1.0%* 0.8%* 0.8%* 0.9**
DOC/DTN 1 -0.9%*% -0.5% -0.9%* -0.8**
NOx 1 0.6%*% 0.9%* 1.0%*
NH4 1 0.5%  0.6%*
PO4 1 0.8%*
Si0, 1
* p<0.05
** p<0.01

o] 4= QIth(Walters et al., 2015; Lee et al., 2023). &
Ho2 o5 | fae ARGES F APUACE of
S(transport) ¥ A} BAste], 34T 1 Q1H
E13 A (NOy; 20.7 uM, NHy; 6.5 uM, POy; 1.2 uM, SiOy;
519 uM)ZHA] Gk whE 4= Jlow i sffed 4
Z(E2-E6, M1-M6)ol| A= E2]8FeH4] w34, 34, A=
53} Kamjunke et al., 2023)& £33 32 FE=H(NOy;
0.2+0.2 uM, NHy; 1.3£0.4 uM, POy4; <0.03 uM, SiOs;
22613 uM)E Bich. Teb FAoIA AES §2S
£ St A 9 A9 § 7] GLBL AW
A7 ke Ul A1 718 AR YA o
o] 94 Holet were,

A g 7Ieke B Ao BE REL 53
235y 2153 FAISHA S/dellA Ao s &2
T S UERITHE 2f). 53] AR 48R4,
R9, R10)o|A4] A o2 w2 IBF =<3 &
4 71Ea 2 F Ay 52 FEHADOC; 3.8+2.6
mg/L, DTN; 3.4+1.2 mg/L)E B2 2d-f). o]l= F
W 5AA, B4R, skeA R H A Y A2 /1=
9 S uiES F8l 19 719 &2 751
H2EY I 7= 288 & 4 UAHLee et al,
2017; Ke et al., 2020; Heredia et al., 2022). FAZ} U] &
Hgl gy $7 e 9 3 A4 5EY B WES =
= o5 Ui HIE(EE 7 8/F A2 Adid e
2 o9 2 1 2)(1.6+0.6)F EHATHE 1). Yo s &
7|€t4/Z 24 8)(DOC/DTN)= 2AF 21A4(C3, C4, >12),
T AEETEE6-8) T L 7ol wEk BT ghe vt

i o

48k 4= 9ltiMilliman ef al., 1984; Lobbes et al., 2000;
Lee et al., 2020). 53] S/27 W A7t&F 7|99 149
249 89 93-S DOC/DTIN H|E R XA F=E 4=
1o} A3 flele] IAH A 7K Al Tjoto] S8
ZAAZ L= QJtiLutz e al., 2011; Yates et al.,
2019; Wymore ef al., 2021). 3] §A7F U R4, R113H
O] AL, o5 daHlE EAS S S7HE 191 7149
5771 A2 §4 7hsAdol AR g vige et o
TEh 3HE Fduk-Fafols Ados 32 8E
71etA 9 & AL =24 (DOC; 1.0+0.2 mg/L, DTN;
0.2+0.1 mg/L)E Hom, o] oA Aoz &
L AAHE(7.0£1.4)S EFTHIH 2f; £ 1). gutr oz
HFEH O B, 5 W AHHeR H2 dashr <l
3 o]F Y4H|EE 6-8 HYE BY 4= lem(Milliman
et al., 1984; Lobbes et al., 2000; Lee et al., 2020), o|+=
A7 He EFEEY Y 2 B3 G ThsES A
ZoZ ey 4= It Song et al., 2019; Zhang et al.,
2023). 53] a4t &5 2 s B3 8 771
g A& o2 PR oA FEFH aH|ek
Aoz wE g& $7)Z A (dissolved organic nitro-
gen, DON)9] E3]l&= DTN =& @59 DOC/DTN H|
S Ao Z Z7AZ 4= QItHGarber, 1984; Hopkinson
et al., 2002). W2bA f71& A4 712 wste] siFd
g Y JHFoR 52 danE2 SR I9E 9Y
ol 5K assimilation) F|o] 4=F- LAPAE 7 of] ZFA)A
F0 oJare Yuke Ziole} wekEc,

WY G7Ieke 9 Aol A AiHoE B



= W91 HeoE Brekn AeE A 3 Wsy
2 RAHFHAEL POC; 0.6+0.2 mg/L, PN; 0.2+0.05 mg/L,
POC/PN; 4.3+1.6, G417 POC; 0.6+0.3 mg/L, PN; 0.1+0.02
mg/L, POC/PN; 8.9+5.0, 53] POC; 0.1£0.01 mg/L, PN;
<0.1 mg/L, POC/PN; 13.3+8.2; 713 2g-h). FA}2] H &
FAA, ZAAFTEA A 7Y AAH(M R, 25
9 A= Aa)9 AR f=0] T7H o e e 2R
2 w(Jung et al., 2021; Seo, 2022; Kim et al., 2024c), 21
A 4 79 FAERE-RI2)NA LAY F71950] 4
A o2 2 7t Uehd 4= 3l Aol wdEh ¢
Urto] 79 UAM 7 lekas " F @40] F5=(POC; 0.6+0.3
mg/L, PN; <0.1 mg/L)y= A& o2 =01 0|59 Y4
H]E(POC/PN)2 Ao vl AF o= =2(8.9+5.0)
S HAHIH 2g; & 1). POC/PNH|= §E4 /71
22 w3 TP E A §7120) 71 US4 A
220, 412 BYAE; 5-8) 4 Ao Bws| el &
th(Hedges et al., 1986; Chen et al., 2021; Liang et al.,
2023). o|¢} st FAY W HF ez FS7HE o]
=9 davle a5 W A7IE 17129 SRS AA
Zom vt o qlow, ST APEAY B
Hd Aol AatEnh £35] 24 € YA - F71€a
o] A7/ HAsto], SR NN FFE= ALY ¥
FEE EEE IEY Y2 A & W AEER=
E9] () Zof] 28 a¢lo] F 4= It Boyer
et al., 2006; Cloern et al., 2013; Paczkowska et al., 2020).
olof wet FiF e 2R Y FuEHE &2 + 771949
7= Y€ 5 W POC/PNHIE S7H)7]& 78 &
Qo] & 4= & AolH, YA f71¥4 W A7 771
£ 7Y SA7HFE Aol gtdh o]F Fafjoll A=
5 W 2HAEH =3 2 34), I (R71E AR
whgol mhet Ay f71Eke, F A4 SRt G2
T4k A Urehiont, JriE o2 993 HE(POC
% PN; <0.1 mg/L)& fAI3hgie ol Agtel xS Bt
DAPA 502 QI3 SO R AT 55 JFAR
7} ;o] Aej20 2 W% Aei(oligotrophic) )
¥4 glom, £3 W DAY B o] ksl FE 89l
o B 4= 91 Aolet WerElr). o3t 2wl FolelA
Ao 2 7F =2(13.348.2) POC/PN H|= §jjoF ==
W o7 712H(H7] AR ezRE TAE & e 7l
R 7V5 & A H 02 Whed s Aole} whekey,

4.2, HE QT4 L SUNA 2T =4
A2 YA 57182 FE 7|9 WELS 919 Bk,

W PPBAAL WE"C, 65N)9 F7H WEHIY

Aol BuE AH FYASH B, +3 5

K

= HE, o9 8 AR A4S0 g Blastth 23
4 E 1), 849 A Ta, Dd PPEARL Bk FR
3 F7H WEA(6"Croc; -30.1 = -21.0%0, 6" Npy; 0.1 ~
9.5%0 & Uetiion, A ALY EF F3ol ¥y
H Ao]2} BerEk. Qubdom g4k ) Akg A4 9 &
& AR v R, EHA E T e /&, AR A
40 2L A9 $AVSL A §EoIt 2SS 5
3 b g¥o= §UE 4 gITHNriagu and Pacyna,
1988; Fernandes et al., 2016). £3] 7|, =A%, 3¢
oA HEE= HFLELY B, AxEF =0 A =
2 9 949t gL Tkt 42E B9 THH0R Y
$29 4= 9lti(Cachada et al., 2012; Goémez et al., 2012).
0|9} 2 oA v D dR A4t Z2 AFA {7
ULE2 SuiA|, € A=t 22 3t A8 1y 5 5
A4 BEEZRE-S AR A HrK(Walters et al., 2015; Saez
et al., 2020). TEhA] A94A HALSS 27ke) EHA
PEA AL B MRI(HIR; 6°C; -29.2 - -23.5%0, §°N;
-0.3+£8.8 %0, 2H|4=; 6°C; -26.0 — -22.0%0, §"°N; 7~ 22%0)
5 U 4= Qlti(Mayer et al., 2002; Barros et al., 2010;
Gao et al., 2012; Fernandes et al., 2016). 3FH X932 -+
P1B(AA B AR EYAE) B9 7] F olAkstEke 3
A 9 IS Tt oA A Fodae
ZH-(C3 A& 6°C; -30 - -23%, §°N; -5 - 5%, )% 21 &
EFIE 6°C; -22 - -18%0, 6°N; 3 - 12%0)& AZ = 2
Th(Meyers, 1994; Thornton and McManus, 1994; Torres
et al., 2012; Huang et al., 2020). o] FL 1HJFZ o],
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Fig. 4. Stable carbon and nitrogen isotopic compositions of
POM in study sites. Colorful boxes indicated reference source
end-members (terrestrial C; plant, marine plankton, fertilizer,
and sewage & combustion).
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HE S Hole AL Ad4094 e

=9 APE A0 T FFS 9T & 9len, R1-R4 FH
I} R9-R10 Aol A 22t 71 A 2148 & Bl 29t @
H 2 AR A4 7Y FAE 289 etk

A3 MY =5 AR A71EY HEFHA
v S48 g JA8% 3xHE] W3l Bk U
THZH 2g-h). YL BHET & E2)0f|lA] FHHE 8] =
o] HRF FAAR (6" Croc; -19.8+0.7%, 6" Nex; 8.2+3.1%))
o]% Atz o2 AAFH HA(E" Croc; -19.6+0.7 %0, 5 Npx;
8.9+1.0%0)5 Uretict. o] =gt M5 ol da B2 4
gy 3 W 14 9Y f7lsad AV REEE 2
W2t HekEth 53] 9YE  POC/PN H| 9 H| W3S o,
42 2718 wang o 2R 79| 7)Y $71E
7)¢lo] 91 Aoz ZAT 4 Rol2} W), F, 53
o] 3% Az oz Z7kE POC/PNH|9L G §Cpoc &
6"Npn Fhe] Atz o2 7R E AKE Croc; -22.6£1.
2%, §"Npn; 5.2£1.7%0)& BTt o] 2 ) 9E71¢Y
F71E9 AHHA 35 7Fs S UEhd 4= lem, di7] &
A A(6"Nair; ~ 0%0) 127 FF7 LA ARl 9 A
o2} BAHTH(Simoneit, 2006; Kang et al., 2017). £3]
P W S A #15 FES Sl Y Fa T
=g, FoY A FH AR daet 22 19F
7] A4 3F3Y U= 53l 5 2ol LAlsHA
Z8d 4= 9 Aolzt AETh AR AL FANES
712 WEEHAL, AR es FAY ols EAS 1T
wj(Huang et al., 2018; Rastogi et al., 2020), ¥1% % ATE)
9] Fall FollA 7] 5 A 1S ol A
= FAIE 5= Qs Aozt wtE ) webA FYek-Safol
A 7Y A71E AT BRE 30 s eda
HIl= A2 T8 $471¢0 Aa71Y £9 4 w2t 2
B2 T B0l BE 4= glor, o] = Qs 3
F U 719 W AR HE IS HAE =
A Ao HetE

4.3. 98 Q3L WL AHY

4 EX OIS FHZRE fYEHE s 7Y 84
o =3 W A7 1Y 7718 B Ik Lefste] S4C3
A& H|E, Y AR AL AEEFIAES FHYe
) EZk(end-member) 2.2 AA3IHc} o] E3 Y
7|z APy A3}, AP QHl= AR Aa(34+18%), 4
BRI E08+14%), 94} C3AIE(22417%), H]2(16£7%)
o 202 Z37F AU AR FAEE UehTk Y ).
E3] 7P SAIgE 7198 Hel eHaedm A4 FUYY
e =A%} B0l WA 9l BT SHRRORI0)

Z U LI

&

249

OH

7HH 7|2

[S R =

HE

m

= 9

TR AHH LR £2(48+16%) 7]HE YERHH. 8t
7 A99] A9 =4A " 7RISR 2RE =
Aoz, A AGTr v} Zo] 7| oA 7
& s Aoz B ok gi7]F vlAE A (PM;
14.0-89 pg/m’) Y 240.01-0.03 ppm)2} Ek2x0.1-1.0 ppm)
= HHA )0 W B U T AR §2S 5 4
dFoZ 599 4 Ut (Jung et al., 2010; Lee et al.,
2023). =3 A W AR er 2 EFEEY 7]
= TS EX Ol S FH =R E AEAQ SHE= 9%F
AEEY] FFol 47 vrgE At wobEoh v A4
ojuf H|=2 9| A%, EF Y dets] A& E o] tf7] A4 7]9)
7194 54 71oo] Bls] iAo s 450 =0 Aol
AgtA el Ao 2 HetEIth(Brahim and Ibrahim, 2018).
kel H9 A BBLIES1LT%) 71017 19 AL
HARE Al 944%, BIE; 642%, A C3AE; 4£1%)
of Hls] ¥-53] T TS UEHTE o] Ait= FAPFS
25Y IaHE BYY IFEF iEe] ST W Ak
WA 712 A5 S7H2 = S-S Yulgtth g
S A9 AEZHIAEQGHT%) T evedR db
(36£11%)7} 9294 7]012 Lhepiet. ole} 22 ke o
oF U] 43 2} AL |23} C o], YA 712 o o]
2 59 A9 e 719 $9 154G BR e @
ETh AAR g7] F d4 A I e g Qs vigd
e YA 718429 FHEA BE2 AlEE 549
w2t HYE EY 4 o m(Rastogi et al., 2020; Xie et
al.,2023), & A2 f Uehd AR 71949 59
Ha AHE T3l ol=Y Y 7S 6] vrdd
U Ao 2 ptEh 235 0|5 49| P E el A v

o o
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Fig. 5. Relative contribution of natural (phytoplankton and ter-
restrial C; plant) and anthropogenic (fertilizer and sewage &
combustion) sources. Each POM source denoted by different
color.
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7t 5 EFAEY UA Y w3l §71E AF=3 3
3o 7 Mg 7PsAdS 1S wj(Altabet, 2006; Mompein
et al., 2016), 53 +IH(FEF 2 5IZF) thda
YA dHolguo]A g W =3 AFERE 7|04 2
2R S FAEA =L Ao B/ 27 AUt
g ast Aolgt wter.

dA9d =3 23y 9459 F11H4 Hake sS4
Ar-sfFEY] dHg A28 TEE = 9L
FEF E F71E <o Fa3 A= 1E = Uk B
AP U A E= 19 7Y f-RU1Eae e Y
I BEHARR(RATA) O] F83 942 28E 5
Row, 539 - 7] JAS o) 14E daYE F
7H 02 FrE = Sl 7he S EIsklth B8 &
AtollA 3T A 719l B, A FYEH
4 v] ¥k A9 fU71EY FUUEE AN, B E,
LHARE Ab AEEHIE) ¥ 2 % 24 <%
(A2 9 53 8 7|2 geobstet -8 RS
AlFshH, HsHda EgS S8t 24 AgE &
AARAYAE F719a9 71 EAAS AFH o= nofd
T AT 219 S F AU HTHL SA-A-AEe
2 $3EE §- 5] 929 A3 HEAdo] AXle £
oA Q1914 719 f-F7] ¥4 4 4 A |
ool 93t F a3t AR 2 A g9 5 S Zlojzt Hok
Hot 3 @4 2 49 Y= 7R YU EE AFGT
BASIY, =5 F-F7] YL FHEe2 A
TSI LAY 4 9 23 A HEAd T
of §-&3H4 A-&2 4= S Aozt wH 53] 7|1$H
3} 9 siF 559 Fuko] HeEe 24 B3l sl W
F7H GAHAM I IS STl R A S whet
st=H S8 AEE AT 5 U Aol o|¢ B &
A o] (FPYst 27 A, WAk =3 FA]) 3
AZ Sl FARAQ I A ATE T 4= IS Aol
aaEh 23 824 f71vA 9 A4A FFF -
YA EAA BEste], =5 W f-5F7] 949 As
EA4EAALL f71E Bl 998 ABES 5= T
Ao 2 ulofst 4= gl om o] F Fof SAF- ARl e 9
A28 golsts 83 Ax2EA E8E 5 U= Ao
2} s

d

Aol Aed +5 oSty IS AN
$7180) PAEHLA ] W5 v o) S22k
SoF B9 ABA W F-T71AL8Y AFL sherstaa)
soick. SAEele) 57, 244 @ B ) HlR(1657%),

 HAY - AEHE - OIS

(w1}

ouls % AR A(34£18%)9 DL AFH BEL 5

22 3F3to 484 W A7) Y (phytoplankton, S4F;
28+14%, A%Y; 81£7%) YA F71849] F7H5 Fdst
oot B3 ol = 52 T 7] 94l FF
#astg oL, g8 S8 AFH (e E dm Ay
36=11%) FAH] Gl ajeF Wol A S7H = = A
o 2 upolEit) oPE9UA v S gt 2 97 A &
AW Y] TEEE-2 At e W -5 da
=8| AAA o FAT HIE U = U= 58
gk gRle g wotEh g 7| TR HE, 2= A4S F)
o} FAHA F7Fske AHEEY FFE AL AESH
Atst7] i = 5 H o7l 7 B=E 53l +92
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Aol gk g5 e4 HoleH|o| A 0] a4FH T
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o m)f 7| w3z} QI7EEol o3k ¥ W3t olg =
d 5o F23% 7| 2ARE Al Aoz wHETh
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