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Keum River Estuary, Korea
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General Considerations
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Abstract

Keum River dlscharges 6.4 billion tons of fresh water annually into the Yellow Sea. More than 60%
of the total discharge is conceutrated in summer, differentiating distinct low- discharge and high-
discharge periods for the estuarine environment.

The concentration of SPM (Suspended Particulate Matter) is, in general, very high, except sometime
during rainy season, and turbidity maximum is often observed, especially during spring-tides (Lee and
Kim, 1987).
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Photosynthesis was active only during high-discharge period, despite the presence of enough
nutrients throughout the year. SPM showed very low concentration during the period, suggesting that
SPM is very important in controlling the productivity in the waters by reducing the efficiency of

penetrating lights.

Nitrification was the major respiration process for dissolved inorganic nitrogen, observed during
low-discharge periods, and was active in the region of high SPM. Two types of nitrification Process
were observed: (1) ammonia to nitrite oxidation and (2) ammonia to nitrate oxidation, depending on
the shapes of turbidity maximum. Nitrite accumulated with a sharp turbidity maximum, formed in a
narrow region of the estuary. Nitrate formation was observed with a broad turbidity maximum, formed
over the entire estuary. These results suggest that the type of nitrification is determined by the retention
time of the waters in high SPM region; nitrite accumulation in case of short retention time and nitrate

for long enough retention time.
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Fig. 1. The map showing the Keum River Estuary. The numbers indicate the distance from the constructing weir in

kilometers ( + : upstream, — : downstream).
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Fig. 2. Variation of fresh water discharge of the Keum River at Kongju.
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Table 1. Survey details.
Survey 1 Survey 2 Survey 3 Survey 4 Survey 5 Survey 6
Date Apr./13-15/'85 June/23-25/ ‘85 Aug./25-27/'85 Dec./19/ '85 Apr./25/'86 July/30-21/'86
Stations +34,+ 28, +18*, +34,+28,+18%, +34,+28,+18*%, —-4,-9,-13,-20, +35,+26,+17,+8, 3 -2
occupied +3,-3 +3,-3*%-20 +3,-3%,-20 -20.2 +3,-4,-9,-13,~20 (48 stations)
Tidal .. N~-1**N-ON+1 S+1**S+2,S+3 N-ON+I,N+2 N-2 S-0 N-1, N-0
conditions
Mean tidal ) 430 260 320 595 285
ranget (cm)
River discharge , 345 383.4 9.6 30.9 2112
(m3/sec)
Remarks Neap-tide Spring-tide Neap-tide Medium-tide Spring-tide Neap-tide
Low-discharge Low-discharge High-discharge ~ Medium-discharge Low-discharge High-discharge

* : anchoring stations
**: days relative to peak spring (S) or neap (N)

t : mean values during survey periods at Kunsan inner harbor
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Fig. 3. Temperature-salinity relationship in the Keum
River Estuary (Surveys 5 and 6).
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Fig. 4. Distribution of ammonia, nitrite, nitrate and SPM (suspended particulate matter) in the Keum River Estuary:

a) survey 2, b) survey 3, ¢) survey S and d) survey 6.
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Fig. 4. Continued.
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Fig. 5. The nitrogen cycle in the estuarine environment (modified from Riley and Chester, 1971 and Aston, 1980).
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Fig. 6. Distribution of dissolved inorganic nitrogen
(DIN) in the Keum River Estuary. DIN includes am-
monia, nitrite and nitrate.
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T2 HE =FolA AME k(o] - 7,
1987).

PTNoll4] ammoniaell ]2t 785 Zo4
bacteria ol 2%l mineralization o]®}ol]l = 3}
Hef 23 AzzA 2a QAGFl o8 A-
TN(Animal Tissue Nitrogen)-& A3 % excre-
tiong 3 o]z 742l A gl
(Fig. 5; Glibert, 1982; Bidigare, 1983; Park, 1986;
Raymont, 1983). 221} olof tj3dl 27 &3
A4 A7t A AsElo} gla] ko) o] A
2ol 3t A 2L Yz ofe]$r,
chlorophyll-a 9] F743 74 5ol &5+ &
7] &% =hAlol oA 9 zooplanktone] o ol
e TS ko Hrbslojol & Fadt o
T3A o shiz Azso

ot a4t Ages uhbe A iR
27] T A9 HE . FeH 2LEo] wf e
st adojubs, A3kT BAFeNA E3
reactive gt 3739 o] el ¢l ow(Morris et
al,1978), 47 AA5L2 27 7= <9 7}
hde ¥l vedFn Yot

2) Nitrification

Ammonia 7} nitrifying bacteria §2] =80}

olm L
-

2

zZ
o

3
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p—

o
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ols) ofefel 5 wtAE A nitratertxd] AF
+ respiration® 2z Al A olw, o] 3
& E3lod DIN wWiste dojuial skech

NH; + 30, NOj+H,0-+2H"*
AG® = —65Kcal /mole—

AG® =—18.18Kcal /mole—

ol % nitrifying bacteria & gt %3t 9 4%
lUA & 99 F 4bs}h Hbgol

of Wag BE o
A Uer 38 ouzlo] AFez oFEie
chemolithotroph &2 4] (Kelly, 1971), Nitroso-

monasE ammonia A3t Aol iy | T A
Zog & 4 9lx, NitrobacterE nitrite Abs}
of Mai®l = Foz & 4 Ut (Review2 o
7o, Kaplan, 1983).

= 71x el nitrification o] Fx A Al *
zx5]9lc} (1) ammonia-nitrite (22} ZARA] 27)
ZgchA ol A]) (2) ammonia-nitrate (&3} 53
ZARA] A Aol A).

(1} ammonia— nitrite AF3}2H&

23 zAHE 27 EERARL Q¥ 2%, oI5
9] o}F F& ojodolx| SPM¥xst 500mg/!
A g7tz ol2: turbidity maximum o] HA =
A7)olc}. o] ol ammonia7} nitrite® 7}
L ubgo] s Adsle], @Rl Frtel et

ammoniat =& A oldkz Fo] E3 mtrnte

v 9uMo] olz2: ¥ A Frhsct

Q] wolg gz, 7] £l dojutx 3
= 3o dutdoz 35}5}7‘ o QAgaHog
o yhe Aol uf & A odoltk(Morris et al,

1987: 7] - 71, 1987). wekx $4el ammonia Ak
s, z27] £% A $ud w3
Azsle] vehd AFA 45 dvke oA
Ad AT £ ok 2y 2 sl A 9]
nitrification o] ¥ Fxol SPMA el =i+
gud AGH oA AFEE =T £ o
(Helder et al., 1983; Owen, 1986), o} &9 amm-
onaAbgtar g x7| £ Adelehs AR X
th, o] zlodol PA el Ixl turbidity maxi-
mumel 7|9l8t ¥& Fx9 SPMe| H& w4

g 83l ® Aoz Adztd
{2) ammonia—nitrate A3} é}%

5;} ZAFA] A 7rslfe] AA ammoniazt
HA 54 425 glewd FAjol nitrate 7}
Z7t5le= AFz ¥o(Fig 4c), ammoniaz} ni-
trate 7}] Ab8}s]+ nitrification o] o} 23}
ASS wolw gt Fig 6-& =l DINel <
Bol whato] wlmd AX sty FEE B
o], ammonia®] 42 2Hgo] DIN pooljoll4 o]
20| nitrificationo] F2 7119 ALE P
A5t} Fobo o] 5k ZAA| e FE 14%0%
o)A o} sluldl turbidity maximum € 7}
A= A ZBskrol Ax SPMe| vi$ Ftwd
£ 71 2.4 (Fig. 4c), nitrification ¢| ¥-& SPM <}
o4 Fursl AFHT UFE ‘:’r*l LI
ol 3leh

23 24 A7l 27 £ BHAE AW

7} 8¢ Ao SPM e Fx 7} 50—100mg/
[ AxE §A5 3 gled nitrited] £, ni-
trate®] w]4§ 75 2o (Fig 2a), =& £
% 0]7]% s} nitrate x| ol £ mtrlﬂcatlon
o] AL sn UFe ¥k

ol Aol A ArsE 2 nitrification & ¥
x 59 SPME 7kxlE dodolA 3] dad
o] selsjglrh =3 nitrification o} A A
o, et FAslel e turbidity maxi-
mum ] efoll ate} FHgHof, o}F FL
odoful turbidity maximum o] &Aslel U
A] 7)ol ammonia 7} nitrite 7kx} 2k AFSHE 9L,
7+ a7 Aol AA WA turbidity maximum
o] @Aslo} 2Urd A|7lell+ ammoniaZ} nitrate
A A s AsEn deE B

o] nitrification & SPM2| Fxof ate}
Adoz o AW 4xst 2A%HY, =g 2
A AP 37 B T2 SPM 4l
ABw £ Qe A7t =l AAE=e], o] Al
2 7k0] Bt 23 ZARA|E  nitrite 74| 7F
nitrification o] A& ] wheted, ol {2
o] 233 Al 53 ZAHA| i nitrate 747 <
A5 nitrificatione] A= Aoz Azt

SPMeo] Fald ez ojmg Y& AH ni-

trification & &R A7) & oA EHIA

oL, 0: o)

=
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7l S84, AR AHE o
nitrifying bacteria$2| £ 27} zH%5|=
¥ 5to] (Owens, 1986), 27} shtol 4] 9
nitrifying bacteria ©] activity ¢} SPM &% 9} 9]
BUBAE olslstrl gt o] AFabd A7)
Al A Fol 9ok
Turbidity maximum ] 3 4jo] nitrification,

H% ob7br £ photosynthesis & A &l 5ol 2
GYE vlQe ol A vie} Pt 27e
T4 7 7] (low- discharge period) Zo)l, & 3
spring-tide ©] ¢ o}2] &} turbidity maximum
ol 48 4 Slvhe AL AdeiA Qo (Lee
and Kim, 1987), o}z Fa" oz ojmsl o]e
o 4] o]s} Fro] Aboldl Hehol turbidity maxi-
mum §°] FAHD e e duA glx @
ov, 4o t% A3yt 2 Fojz g
Fokolrt

v, 7 sk W f3ol SPM Y ¥285 =
17 &
}

o
74
vlo
C
AL

II. Pollution

Ammonia, nitrate §-¢] £ 2% 2 o), 27}
Y TAh Ad Fog Y 273572 DIN o
k3] THE R U e ¢ 5 Ark FelA
FHEE 945 29, A7|FolE  ammonia
F7] Fol& nitrate o Fx 7} E3] ol (Figd)
G2 FE Y o] BFol Ywale], =3
AdH ez 2 gl Wil Y-S vhepin

7480l 9ol ammonia 9] ZFo| Fxg
AA vehtA, 22 24 9 53 24l Fole
gur3t ammonia o] £ % #4 (nitrification) o]
AEAE 733 23 24+ ammonia 7}
AAH oz & o Frlshe £ L& Bolmg)
o, 5z} ZARE dE 239%, AT 73l
F7Hg Holx 9,14(Fig 4).

7% 3T 22 SPMEEE 247 =
A AL 5o 3 HAH L @A, ol9 7o)

7+eo} sewage 52 &3 %%?‘f& oko] DIN

2ot AL o3 glon A7) ol
turbidity maximum o} 7} k7o) PBA 5= =
2E 217e A A 7] 7))
A of¢ & SPM¥EE walr}
Photosynthesist=, 27}, @35 59 odg
o o:lol:o:i o] hA} 213 ZA) 3= i&?gou]

€ FFn §39 t.}¢° 4oz SPM o

T 771 ¢ A

o

'

o= SPM °l e OiMZIQI At 58 Flod 2
4 2% 2420E 524 89002 Bgs
I U MoFo

Respiration 1% o g2 = nitrificationo] gt
AP 9o} Nitrification® %2 SPM *
EF 7HE ddold 23 Agsgdon v

F37} ol ofodol MER + Yr  AI7kol
wet 2 A o] Aol o] ME A7
o] ®& A%t nitritertxl, of Azbo] 71 A
$< nitrate7tz] 2 8 =] gl o},

27) B8 A2 satd ALGd g
ol ®-% ¥ Ao 24 mineralizationSo] 3
k3] 7‘1%5—]_1_ oloJo‘/}. o] o:loio“/qg,] 2 =
A4RE] oL A% 5 doz HE o
Fsolof ¢ BHAlz 47w

a7 &t ‘41011*14 34?5}
Zé':«] ZI‘%’"’I SPMO] A & 43 1y

434_4:.

o, A0eA A AA 5ol e ol
& ol Fasted, weld e doly
o b olst e Alwk HAEL olsya}7]
sheld ols RE ;

A7 44 exR,

2+ A}

2+ ETE A dHoFAa e 29 e
Fotd =& AUAAFA Aedada 71 4
Fagd, Asista v SxmadA e
S cdYch A Ea olY w4y
iy 2 Wdagd, A A4S e
EE2 FEHsid oy $£EES 343
shedl & =50l =gt

L AT7F sdoks Sk ok 2AL AlE ¥
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Appendix:Data for the Keum River Estuary

1. Survey 2 (June 23-25, 1985)

Station D(m) S(%oo) SPM(mg/ ) Ammoniat Nitrite? Nitrate?! Sampling Time
+34 0.5 0.02 334 28 3.6 33 June/24,07:25
+28 0.5 0.05 164.3 22 3.1 31 07:00
+18 0.5 0.25 278.8 trace 7.1 —_ 23, 11:30

4.8 0.20 450.5 1.5 5.0 —_
0.5 0.04 294.8 11 2.7 — 15:00
3.5 0.02 457.0 4.8 34 —
0.5 0.02 277.2 5.1 3.5 33 18:00
5.5 0.04 393.5 59 3.2 30
0.5 0.61 — trace 8.7 28 24, 09:00
6.3 0.70 — trace 9.0 28
+3 0.5 6.79 98.4 4.0 4.0 29 24,11:20
8.0 6.98 _ 7.0 3.1 28
-3 0.5 18.90 37.2 9.3 1.3 18 25, 08:30
11.5 19.49 — 8.7 2.0 22
0.5 16.71 11.0 11 2.8 4.4 11:30
12.5 17.51 55.4 12 1.7 22
0.5 4.27 47.5 7.0 6.8 29 15:00
8.5 6.94 — 9.5 7.0 28
0.5 7.43 126.8 17 4.5 28 18:00
8.5 8.29 122.4 11 3.2 22
-20 0.5 28.54 6.1 trace 0.2 7.4 24, 15:50
6.7 29.65 15.1 trace 0.1 4.8

t concentration in M.

2. Survey 3 (Aug. 25-27, 1985)

Station D(m) S(%0) SPM(mg /) Ammonia?t Nitritet Nitrate' Sampling Time
+34 0.5 trace 18.0 29 0.3 37 Aug./27,12:30
3.0 trace — 3.2 0.5 61
+28 0.5 trace 22.3 3.3 0.5 31 13:06
34 trace — 4.2 0.5 42
+18 0.5 trace 14.0 1.1 0.3 36 26, 10:30
9.5 trace 300 1.3 0.7 63
0.5 0.01 323 0.9 0.5 51 12:30
10.5 trace 61.3 1.1 0.5 53
0.5 0.04 44.0 2.2 0.5 42 15:00
10.5 trace 40.3 L.5 0.6 35
0.5 trace 217 2.6 0.5 68 18:00
10.5 0.22 34.0 2.3 0.5 74
+3 0.5 0.38 52.7 4.6 0.5 54 27, 15:32
2.9 0.40 — 3.8 0.5 45
-3 0.5 5.07 24.7 17 0.5 18 25, 10:30
10.5 12.63 15.0 15 1.0 30
0.5 3.30 35.0 5.9 1.0 24 14:00
6.5 4.02 68.3 6.4 0.6 25
0.5 0.35 49.3 0.7 0.3 12 16:00
5.5 1.28 452.0 4.1 0.6 30
0.5 0.35 52.3 1.6 0.5 34 18:30
6.1 0.48 103.0 3.2 0.5 36
-20 0.5 26.18 15.5 4.2 0.3 1.9 27, 20:00
4.5 28.85 — 4.9 0.3 2.1

T concentration in M.
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station D(m) T(°C) S(%0) pH DO(AOU)t SPM(mg//) Ammoniat Nitrate' Nitrate ¥ Chla(ug/f)  Sampling Time

+35 0.5 17.1 0.02 686 247(53.6) 202.4 11 2.0 39 6.04 Apr./25, 18:45
5.8 17.1 0.02 651  242(58.6) 210.0 9.6 2.1 39 6.98

+26 0.5 17.0 0.66 6.80 214(86.3) 201.6 12 2.0 38 3.14 17:35
5.0 17.0 0.71 6.88  214(86.2) 782.8 13 2.0 38 2.37

+17 0.5 16.7 2.713 6.80 208(90.7) 275.2 15 2.0 36 1.62 16:55
5.0 16.7 271 6.82  204(549) 702.8 15 2.0 36 2.04

+8 0.5 16.1 5.48 6.82 215(82.1) 211.2 0.9 1.8 37 0.72 16:06
5.0 15.8 721 691  230(65.8) 428.8 5.9 1.9 26 1.53

+3 0.5 15.9 7.11 690  214(81.5) 1157.7 3.1 1.9 kyl 1.2t 14:50
© 6.4 15.6 8.64 6.97  214(80.6) 651.3 2.5 1.8 35 1.18

-4 0.5 15.2 11.21 711 214(78.5) 747.2 2.0 1.8 25 1.00 13:10
6.6 15.1 11.87 7.12 211(80.7) 2137.6 38 1.7 33 2.26

-9 0.5 148 1650 7.28  217(68.6) 405.6 2.2 1.2 23 0.76 12:00
2.5 14.6 16.83  7.37  215(70.8) 665.2 31 1.3 25 0.82

-13 0.5 14.1 22.52 7.51 23247.5) 382.4 8.0 0.4 14 1.17 10:27
4.8 13.8 2261 7.55  238(42.5) 162.8 7.0 0.8 1.6 1.25

-20 0.5 124 2872 7.81 27%-0.8) 148.4 trace 0.2 0.5 0.68 09:33
s 124 29.14 790 280(-2.3} 79.3 trace 0.1 trace 0.65

t concentration in M.

4. Survey 6 (July 30,31, 1986)

Station D(m) T(°C) S(%o) pH SPM(mg/)) Ammonia’ Nitritet Nitrite t Chl.a(ug/d Sampling Time
+3 0.5 27.8 trace 8.39 27.0 0.9 0.5 91 54.5 July /30, 16:50
+2 0.5 27.8 trace 7.73 37.0 1.5 0.6 93 529 30, 16:31
+1 0.5 28.0 trace 7.56 78.7 1.6 0.6 99 41.7 30, 16:20

0 0.5 28.1 trace 7.63 64.7 1.4 0.5 100 27.0 30, 16:02
-1 0.5 284 trace 7.72 62.3 1.2 0.6 75 21.2 30, 15:50
-1 0.5 29.2 2.10 7.70 23.0 4.4 1.2 77 13.3 31, 15:43
-1.3 0.5 289 3.0  7.69 14.5 3.6 0.9 92 — 31, 15:30
-2 0.5 28.2 trace 7.25 56.7 1.5 1.0 99 15.3 30, 15:42
-22 0.5 29.1 3.60 17.82 24.0 2.8 1.1 57 9.27 31, 15:24
-2.8 0.5 29.0 426 1.72 19.6 3.0 0.4 58 6.52 31, 15:15
-3 0.5 28.1 0.22 17.40 62.0 2.0 0.8 91 11.2 30, 15:31
-4 0.5 28.1 0.27 17.36 41.7 2.7 1.6 101 9.58 30, 15:27
-4.7 0.5 29.0 342 7174 22.6 2.1 0.9 90 8.61 31, 14:52
-5 0.5 28.2 0.51 7.27 49.0 1.5 1.1 74 8.14 30, 15:22
-6 0.5 28.2 0.57 .42 44.3 1.9 1.2 91 11.5 30, 15:07
-1 Q.5 28.4 1.27 745 48.3 2.0 1.2 88 7.70 30, 14:38
-7 0.5 28.6 5.20 7.83 16.8 3.1 1.1 48 6.55 31, 14:30
-8 0.5 27.9 1.40 7.34 333 2.2 1.4 117 10.0 30, 14:25
-9 0.5 27.6 5.60 171.57 23.7 3.7 14 66 6.24 30, 14:10
-10 0.5 27.3 8.13 71.713 18.3 3.6 2.1 42 4.00 30, 13:57
~10 0.5 27.5 7.88 1.74 10.0 3.0 1.0 38 5.78 31, 09:50
-11 0.5 27.8 903 7.78 14.7 3.7 1.6 75 4.59 30, 13:50
-12 0.5 273 10.28 7.84 11.7 4.6 1.1 56 5.20 30, 13:35
-12.5 0.5 27.2 960 7.81 11.2 33 1.3 65 4.41 31, 10:05

*concentration in M



206

S. Survey 6 (July 30,31, 1986) continued.

Station D(m) T(°C) S(%0¢) pH SPM(mg//) Ammonia' Nitrite'! Nitrate' Chl.a(ug/ Sampling Time
-12.9 0.5 28.7 11.26 8.12 12.2 2.7 0.8 30 3.98 July/31, 13:15
-13 0.5 276 1053 7.70 17.3 3.9 1.0 32 4.36 30, 13:03
-13.2 0.5 29.5 13.24 B.12 10.6 2.0 1.0 41 3.89 31, 13:05
-134 05 27.3 1247 17.85 12.2 34 0.9 68 4.07 31, 10: 11
-13.8 0.5 28,6 14.79 8.09 8.6 3.8 1.0 29 3132 31, 12:53
-14 0.5 277 12.72  8.06 5.3 1.8 1.3 44 7.95 30, 12:53
-14.6 0.5 27.1 1244 794 10.6 33 1.4 43 4.32 31, 10:17
-146 0.5 215 16.67 8.19 12.2 3.0 0.8 24 3.22 31, 12:43
-149 0.5 27.8 1794 8.18 7.8 2.6 0.7 24 3.80 31, 12:25
- 15 0.5 27.3 15.29 8.13 8.7 1.4 1.8 29 8.46 30, 12:37
-157 0.5 26.6 18.50 8.4 16.4 2.8 1.3 25 7.31 31, 10:25
- 16 0.5 26.5 17.28 8.4 1.3 1.6 1.0 29 8.11 30, 12:04
-16.5 0.5 26.7 16.06 8.06 6.0 33 1.3 40 4.16 31, 10:40
~16.6 0.5 269 19.87 8.26 10.8 1.7 0.4 239 4.79 31, 12:05
-17 0.5 26.4 2068 8.17 10.7 2.2 1.2 21 5.91 30, 11:50
-17 0.5 26.3  18.57 8.17 8.4 33 0.7 45 5.59 31, 10:49
-17.3 0.5 26.7 2043 8.21 9.2 1.5 1.0 20 4,91 31, 1:13
-18 0.5 26.3  21.23 8.19 40.3 1.6 1.0 18 5.23 30, 11:30
-184 0.5 263 2588 8.34 7.8 0.9 0.3 7.6 5.08 31, 11:23
-19 0.5 25.7 21.83 8.25 16 1.6 1.1 16 10.3 30, 10:58
-19 0.5 258 25.13 8.29 9.4 1.2 04 8.4 4.98 31, 11:34
-20 0.5 250 26.74 8.29 1.6 1.1 0.3 13 12.1 30, 10:49
-21 0.5 248 2769 8.14 1.2 1.3 0.3 9.4 6.69 30, 10:41
-22 0.5 254 2833 8.19 12.8 0.9 0.3 13 13.5 30, 10:26

t concentration in M.



