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ABSTRACT: From July 1985 to December 1986, 28 variables of phycal-chemical factors,
bacteria and heterotrophic activity were investigated 17 times at 3 stations in the estuary of
Naktong River and the influences of environmental factors to bacterial population and
heterotrophic activity were analyzed through multiple regression. The results of multiple
regression were as follows. At station 1, total bacteria and heterotrophic bacteria(Z-25) counld
explain 57% of the variation of maximum uptake velocity for glucose and 54% of turnover
time for glucose was explained by total coliform bacteria and MBOD, Sixty four percent of
the variation of Kt+ Sn was accounted for salinity, MBOD-N and inorganic phosphate. Turnover
rate for acetate was also accounted for the change of MBOD-P by 56%. At station 2 maximun
uptake velocity for glucose depends on MBOD-N by 81%; turnover time on bacteria by 50%;
Kt+Sn on available nutrient by 61%. More than 50% of maximum uptake velocity and turnover
time for glucose were influenced by bacteria and that of Kt+Sn by the change of nutrient
in the surface water of station 3. In the bottom water of station 3, the change of maximum
uptake velocity, turnover time and Kt+Sn for glucose was controlled by total bacteria and
available nutrient, bacteria, the change of nutrient salts respectively. On the whole, more than
50% of maximum uptake velocity and turnover time for glucose could be due to the change
in the number of bacetria and the value of Kt+Sn was affected by the change of nutrient
salts. Turnover rate for acetate was controlled by available phosphate at station 1 and by bacteria
at station 2 and 3, which showed a distinct difference between the environmental factors which
govern the rate of glucose and acetate uptake in the Naktong esturine ecosystem. And bacterial
communities were controlled by available nutrients at station 1, by nutrient salts and salinity
at station 2 and in the surface water of station 3 and by salinity in the bottom water of station
3

KEY WORDS [] Multiple regression, V..., Kt+Sn, environmental factors, estuary of Naktong
river
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Table 1. Range and mean of the parameters examined ar the estuary of Nakrong River from July 1985 to
December 1986.

Mean Standard Deviation
Parameter Range
Station Station
1 2 35 iR’ 1 2 s 38"
Environmental
Temperature (C) 1.6-30.0 l6.1 16.5 17.2 16.7 8.8 76 6.0 5.6
Salinity (%o) ND-322 1.7 9.3 221 27 2.5 7.4 59 27
pH 6.2-8.2 6.9 7.2 79 7. 0.5 0.3 02 0.2
DO (mg/L) 34-10.3 6.5 6.5 71 7.1 1.7 1.6 1.7 1.9
BOD (mg/L) 0.8-9.9 4.5 45 4.0 36 24 23 26 24
Modified BOD
MBOD (mg/L) 4.0-200 68.6 67.7 579 453 53.5 59.6 429 39
MBDO-N(mg/L) 36.0-1.540 584.6 551.8 491.5 4951 3455 288.5 283.2 265.7
MBOD-P(mg/L) 8.0-235 80.5 69.8 66.5 4.6 67.6 483 45.3 44.4
Inorganic
NH4-N(pg/L} ND-1.082 197 188 73 84 256 1% 87 145
NO:-N(ug/L) ND-86 41 41 15 14 23 19 5 18
NO-N(ug/L) 13-2.600 853 396 164 138 538 393 209 144
PO;-P(ug/L) ND-157 28 34 36 31 18 16 18 14
Chlorophyll a(ug/1) 0.4-352 129 10.8 3.2 4.7 10.2 6.5 38 13
Microbiological
Total bacteria 23IXI00=9.0X 100 38X100 42X10° 84xX10° S8XI10° 1IXI00  19%X10° 48% 108 317x10°
(cells/ml)
Heterotrophic
Bacteria (CFU/m/)
N-O IIXUF-39XI00 13X10° 36X105  13X10°  45X10°  1.2X10°  92X105  10X10% 45X 10°
N-10 BOXIP—S51X10° 94X10% 42XI10° 15X10% 47X107 97x104  12X100 22X 10° 45X 10
Z-25 63X10°=26X10° 23X10° 62X10* 21X10° LIx104 22x10° 80X10° 29%10%  1.0x10°
Enterobacteria
Total Coliform I-LIXI0Y 13XI0Y 30X100 18X10Y 27X10°  L7IX10Y 36x10¢ 29x10° 39X 107
bacteria {(MPN/100 m/)
Fecal Coliform ND-47x10*  26X10° 350X10° 44x100 8IXI10' 33X10° LIX104 73X10° 12X 107
bacteria (MPN/100 m/)
Proteolytic ND-87X10%  67X10° 13X10° 26X10°  14X100 98X10° 22X10°5 S9XI0P 35%10°
bacteria (CFU/m/)
Lipolytic L7XI00=12X10°  21X10°  41X10*  1.6xX10° 38X10° 20x10' 23e6x10¢ 25X10%  41x 10}
bacteria (CFU/m/)
Spore forming 1—10X107 20X107 20X107 1.0X107 80XI10" 37X10° 3.7X10° 26X10° 18X 10!
bacteria (CFU/m{)
Heterotrophic activity
Glucose
Vmax(ug-C/L/hr) 0.003-12.36 1.47 3.36 0.3 0.2 194 161 0.44 0.24
Turnover time (hr) 1.7-710 343 54 175.0 2370 570 49 194.0 2130
Kt+8n (ug-C/L) 0.74-73.92 18.21 1594 9.13 9.54 21.01 149 R.23 9.66
Respiration rate (%) 7-33 20 17 20 19 7 9 ) 6
Acetate
Turnover rate (%/hr) 0.04-35.70 8.40 16.00 17.00 1.50 9.90 10.80 330 3.40
Respiration rate (%) 17-62 4] 40 43 39 11 1t 12 13

¢ Surface layer {1 m) of station 3.

?Bottom layer(10 m) of station 3.
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Table 2. Significant independent variables in the regression models for the parameters of heterotrophic activitn
and bacterial community based on data from station 1 in the estuary of Naktong River

Dependent variable

R* (%) Independent variables

Heterotrophic activity

—MBOD(18):SAL(25):PO.(21):TB(10): — TC(] 2):SPO(6).— CAS(3): —
NO»(25); = MBOD-N(22): — CAS(13):PO,(2 1)

pH(27):—N/P(37):NOx(19):BOD(7); — SPO(6):PO.(4)

MBOD-P(19). TEM(22);SAL(16);NOx(11)
TEM(22):MBOD-N(22):NH4(15); — NO(10)

MBOD-P(40):Chl-a(17); — DO(13):BOD(10)— NH.(4)

Vi (glucose) 69 TB(45):NO;(12).2-25(12)
Turnover rate (glucose) 64 ~TC(43); —MBOD(21.3)
Kt+ Sn(glucose) 97

NH4(2)
Respiration(glucose) 81
Turnover rate(acetate) 72 MBOD-P(56):TC(16)
Respiration(acetate) 100
Bacterial Community
Total bacteria 43 MBOD-P(25):N/P(18)
Heterotrophs
N-O 29 MBOD-N(29)
N-10 60 MBOD-P(40):N/P(10):NO+(10)
Z-25 52 MBOD-P(52)
Fecal coliform 68
Total coliform 69
Lipolytic 21 —NO;(21)
Proteoltic 84
Spore former 21 TEM(21)

Table 3. Significant independent variables in the regression models for the parameters of heterotrophic activitiy
and bacterial community based on data from station 2 in the estuary of Naktong River

Dependent variable

R? (%) Independent variables

Heterotrophic activity

—MBOD-N(81):BOD(50):SPO(6):FC(2):-N-10(2)

-MBOD—N(SZ);-TC(ZZ);-MBOD-P(9):-FC(4):-PO4(7)
N-O(58):-N-10(19):NO,(10);-CAS(9):MBO D(2).-Z-25(1)
SPO(22):pH(16);PO4(20): TW80(15)
-SAL(56).-POL20):-FC(80);-M BOD-N(8)-NO;(4):N/P(3)

Vanax(glucose) 96

Turnover rate(glucose) 71 SPO(32):TW80(18);-pH(21)
Kt-Sn(glucose) 95

Respiration(glucose) 99

Turnover rate(acetate) 73

Respiration(acetate) 99

Bacterial Community

Total bacteria 54 PO(22):N/P(15):-BOD(17)
Heterotrophs

N-O 42 PO4(26):SAL(16)

N-10 30 PO,(30)

Z-25 27 MBOD-N(27)

Fecal coliform 47 -PO4(29);-N/P(16);SAL(11)
Total coliform 34 -MBOD(34)

Lipolytic 21 -SAL(21)

Proteolytic 72 -NH4(38);-SAL(16):Chl-a(18)
Spore former 43 -Chl-a(31):NO4(12)

A WE, shEol A Qo] Wasl A
2hg3ie,

2 #

Véétémen(1980) < Finland®debell 4] F3] 784
& AR FADH FhIGAT FEI} Fe
T8, AE4 a2 Wil osle] of 60% o 50%
b AR, HS 4TS S gre) it

A 33%7F AdEcky st ajme 479
Xl JE AA v)AE FH L) 718 e
GEE a, PEolh sbgdeh = Aaatol) 4] 2H1985)
= Al ®slsl fee) Wl oja)a] 583%7)
Hekghoka sledo)

FTHAEA Aol ool xrore) HYFSrLn
< A 13 A Y 39 A2 Al 4, A 2=
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Table 4. Significant independent variables in the regression models for the parameters of heterotrophic activitiy
and bacterial community based on data from surface of station 3 in the estuary of Naktong

River
Dependent variable R (%) Independent variables
Heterotrophic activity
Vaa{glucose) 77 SPO(58):TB(11);DO(8)
Turnover rate (glucose) 92 -SPO(54);-TEM(8):-MBOD(9):-N/P(6):-DO(6);-PO4( 10)
Kt+ Sn(glucose) 91 NH.(32);-NO»(22):-DO(16); TB(6):-TEM(9):-N-10(6)
Respiration(glucose)
Turnover rate(acetate) 76 TC(47):N-0(20).CAS(9)
Respiration(acetate) 87 -DO(53):NO,(23);-MBOD-P(11)
Bacterial Community
Total bacteria 36 TEM(36)
Heterotrophs
N-O 50 NH4(20);BOD(15).TEM(15)
N-10 30 -SAL(30)
Z-25 80 -SAL(36):-Chl-a(16;MBOD-P(15):-MBOD-N(13)
Fecal coliform 57 -SAL(40);-MBOD-P(9).Chl-a(8)
Total coliform 33 TEM(21);:BOD(12)
Lipolytic 98 NH(40).-SAL(25):MBOD-P(13):-Chl-a(7);pH(4):-PO4(3):-NP(4);-NO+(2)
Proteolytic 60 MBOD-P(22).-SAL(24);pH(14)
Spore former 80 -SAL(47):-Chl-a(14):-MBOD-N(12);-pH(7)

Table 5. Significant independent variables in the regression models for the parameters of heterotrophic activitiy
and bacterial community based on data from bottom of station 3 in the estuary of Naktong

River

Dependent variable R* (%)

Independent variables

Heterotrophic activity

TB(40):-MBOD-N(24):NO;(12;;MBOD-P(9): TEM(3):CAS(3):-N-O(4)
-TB(45);-SPO(16);Z-25(8):-CAS(12)

-MBOD-N(49);NO(21 ;TB(10);N-10(9):SAL(5);-NH,(2):-TEM(2)
-TB(50):Z-25(28):-TEM(5):-N-10(9);BOD9$0:-MBOD(3)
SPO(31):TB(12):-Z-25(10):CAS(17)

Vaal(glucose) 95

Turnover rate(glucose) 81

Kt+ Sn(glucose) 98
Respiration(glucose) 99

Turnover rate(acetate) 70

Respiration (acetate) 50 BOD(50)
Bacterial Community

Total bacteria 16 -pH(16)
Heterotrophs

N-O 15 -SAL(15)
N-10 17 MBOD(17)
Z-25 —

Fecal coliform 25 -SAL(25)
Total coliform 41 -SAL(41)
Lipolytic -

Proteolytic 48 -NH,(33);Chl-a(15)

Spore former -

742 Ao rhbesith MFAIE A A A A
T2 Watel osld A= gick F20) F8F
A2 zHg-sh= AelA S vlEsted pH(Choquet er
al, 1986)¢} #-#-E3 (Bent and Goulder, 1981)2]
S e AEAS e A=A AH
Al wstokds vepivl GER shre AT
2o} vRRA R o] of e W EA oy
LR 5 o E g7 0ee) odgow HH 7le

WEh Felo] vehar gink zked Al el Al ol 4
AEEZ EAshs 77189 AlAE o & Jn vy
=Xt Aol &gt Ze] diRE-F-ol(Bott er al.
1984), heterotrophic activity7} A2} eig o
2.1 Z(Albright and Wentworth, 1973: Carney and
Colwell, 1976; Hanson and Synder. 1979). A2
FHo]  d3kg  vlxE Q9le]l  heterotrophic
activity?] H ¥ 388 v|xz 9lt ZHoF u@g}
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Table 6. Significant significance(F value) of the seasonal and stational variations of heterotrophic activitiy and
bacterial community by one-way analysis of variance test{ANOVA)

Station Month

Parameter

F value P>F F value P>F
Heterotrophic activity
Vaux(glucose) 17.12 0.0001 1.69 0.1007
Turnover rate(glucose) 22.01 0.0001 1.04 0.4275
Kt+ Sa(glucose) 045 0.720 367 0.0006
Respiration(glucose) 0.43 0.7315 447 0.0003
Turnover rate(acetate) 13.30 0.0001 0.94 0.5132
Respiration(acetate) 0.26 0.8559 2.30 0.0338
Bacterial Community
Total bactera 69.23 0.0001 0.63 0.7792
Heterotrophs
N-0 42.49 0.0001 0.38 0.9984
N-10 3289 0.0001 0.71 0.7257
Z-25 5.64 0.0017 2.02 0.0432
Fecal coliform 25.36 0.0001 1.04 0.4261
Total coliform 31.82 0.0001 0.55 0.8591
Lipolytic 10.67 0.0001 1.37 0.2155
Proteolytic 10.73 0.001 2.55 0.0117
Spore former 8.29 0.001 4.52 0.0001

ok Kt+8Sn2 A Ao 32 ofofd 79} oJFof
4] we FEo) dusm AF 7} 2xske
e *Pvﬂx—i 2.8 ol AHH 7he] WstuiE A
Al o)z} vehlw gltKTable 6 ).

EEDY 3FEL A LA opdaryd Ak al
Abed <17} MBOD-N9) ®slol] o8] 68%7} d=io)
Hoj, A 20l e F5FAF N-Og Wl 2
A 58%7F dHgch A 29 HF o) 9.3%,
ol A 19| A&l A(salt)ys 7}8e W 5EFo)
HA3A F7Fsk= AMd(unpublished data)24] A
2014 F4&cdekAlE N-O7} 2x5}e] 55 89] w3l
o 1’l e FHs A9e 5 gl

21e] ASole WG AA 194 MBOD-P,
A3 264 AF et JJ%’ A, AA 3o AF
2] Wl 2s4 kg ﬁé“’i xxge] Hu
FrSeehs 2o)E ey 9)ch Bells} Albright
(1982)= E=de]l F57) F-fA ol sy <o
v, WrightS’Jr Hobbie(1965)% #4H% Ol%zﬂw
A & FREAY A= giAu, Fxwr
ol &3k AlEds #elo] gulm sgrh JEM
24 ZAFEANME vpRAtAE e nE 3
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