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Abstract

The increase of population and industrial activities had brought into eutrophication in the
Nakdong river. A remarkable acceleration of eutrophication brought about serious problems
for water supply. Therefore, for the purpose of conservation of water quality in the
Nakdong river it is necessary to control nutrients.

MBOD method was used to evaluate algal growth limiting factor and algal growth
potential in the Nakdong river from June to August 1994. The modified biochemical oxygen
demand(MBOD) depends on the amount of available inorganic nutrient and organic
substrate during 5 day incubation in the dark at 20C. The MBOD assay depends on
inorganic nutrients such as P and N as well as reduced carbon and called the MBOD, the
MBOD-P, and the MBOD-N, respectively.

The results of bicassay by MBOD{(Modified BOD) method showed that the MBOD,
MBOD-P and MBOD-N value were found to be in the ranges of 3.8~96.0 mgOy ¢, 56~
94.0 mgO»/ £ and 42.0~220 mgO«/ ¢, respectively. And the the bioassay value was found to
be the highest in Koryong area and the lowest in Waekwan area throughout the Nakdong
river. The variations of MBOD-P and MBOD-N value showed similar tendencies to the
variations of phosphorus and nitrogen value, respectively. By MBOD method, the
relationships of MBOD, MBOD-P and MBOD-N value were MBOD = MBOD-P <
MBOD-N. The MBOD value was nearly equal to the MBOD-P value, and the MBOD-N
value was 3 to 20 times more than the MBOD-P value, approximately. Therefore, in the
Nakdong river, phosphorus was the limiting factor for algal growth during summer season.
The algal growth potential as the concentration of chlorophyll-a in the summer was
maximum 5 times more than standing crop as it.

Key Words : MBOD, MBOD-N, MBOD-P, Algal growth limiting factor, Algal growth
potential
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Table 1. Estimation ol nutrient concentrations by
bioassays for enrichment

Nutrient to“be
estimated

av. Org.*Resp.

Bioassay Enrichment”

BOD N, P, Micro., -

MBOD -, -, -, Org. av. In.+Resp.
MBOD-N -, P, Micro., Org. av. N+Resp.
MBOD-P N, -, Micro,, Org. av. P+Resp.
*Micro. : micro-nutrients ; - : no addition ; Org. :
organic matter
**xResp. : respiration companying with the growth
av.Org. . available organic matter
av.In. : available inorganic nutrients
av.N available nitrogenous nutrients
av.P ! available phosphoric nutrients
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Table 2. Stock solution for Bioassay

Bioassay Stock solution(in 100mé)
MBOD Glucose 25g
VIBOD-N CaCly- 2H:0 8.75g, FeCls 125mg,

KH;POs 413g, Glucose 25g, MgSOs THO 25g

MBOD-P CaCly 2H0 875g, FeCly 125mg,
KNOy 475g, Glucose 25g, MgSQs THO 25¢

CaCly' 2H:0 875g, FeCls 125mg,
KHoPOs 4.13g, KNOy 475¢, MgSO« TH0 25¢

BOD

JME - 932

Fig. 1. Sampling stations in the Nakdong river.
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Table 3. Results of the different bioassays in each station
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Bioassay(mgOy/ £ )

Date St.
MBOD MBOD-P MBOD-N
— Mulgum 292 280 ES
~ Namiji 140 19.2 99
June 25 Jukpo 11.2 140 134
Koryong 50.4 46.0 151
Waekwan 116 6.0 103
Mulgum 50.0 384 170
Namji 484 46.6 138
July 11 Jukpo 58.0 63.0 178
Koryong 96.0 94.0 220
Waekwan 196 16.0 210
Mulgum 304 19.0 832
Namji 6.8 12.0 420
AvgUSt 22 o 40 56 620
Koryong 71.0 78.0 180
Waekwan 3.8 58 119

4. 23 2 1

4

4.1. Bioassay Z

BOD manometerE ©}-83o MBOD¥| wz}

BgEHes ZHE FrIFYEFA vE oS
e AAH ol8rsEEY FFE Yehdda

Az AH(hE, 1977).
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Table 4. The relationship among the results of the MBOD method and the growth limiting factor in summer

*

Date St. Bioassay Growth limiting factor

~Mulgum MBOD = MBOD - P € MBOD - N P
Namji MBOD = MBOD - P € MBOD - N p
June 25 Jukpo MBOD = MBOD - P € MBOD - N P
Koryong MBOD = MBOD - P € MBOD - N P
Waekwan MBOD = MBOD - P € MBOD - N p
Mulgum MBOD = MBOD - P € MBOD - N p
Namji MBOD = MBOD - P € MBOD - N p
July 11 Jukpo MBOD = MBOD - P < MBOD - N p
Koryong MBOD = MBOD - P € MBOD - N P
Waekwan MBOD = MBOD - P < MBOD N P

~Mulgum MBOD = MBOD - P € MBOD - N P

August 22 ‘Namji MBOD < MBOD - P < MBOD - N  micro-nutrients except P and N
_Jukpo MBOD = MBOD - P < MBOD - N p
_ Koryong MBOD = MBOD - P € MBOD - N P
Waekwan  MBOD = MBOD - P < MBOD - N P

Station.

Table 5. Chlorophyll-a, bioassay value, growth limiting factor in each stations and AGP(algal growth potential)
and nutrient concentrations evaluated by MBOD method in June

AGP evaluated Nutrients evaluated

Bioassay value

S ) (ngO £) %ﬁggﬁg D 0D method by MBOD method
MBOD MBOD-P MBOD-N ““" mBoD mBop-p MBOD-N (P N,
Mugum 7569 22 80 135 P 84 %60 20 Jon 540
Namjii 21092 140 192 90 P 280 384 198 50 (583(1))
CJukpo 17268 112 140 134 P 24 20 w8 J0A 280
g 10802 504 4§.o 51 P 1008 920 302 o ” (ﬁzggy‘;)' "
Wae 458 16 60 13 P 22 120 w6 QU2 2080

(* measured value)

3) MBOD-N ole] Uiy FEF MY, ¥€¥ HyE HAun

W, B3 832~170 mgOy/ ¢ (FE 1294 ngOy/ L),

MBOD-N& MBODX ¢ $822 &8MA T  ux 420~138 w0/ ¢ (BT 930 mgO/ ), AT

A Aagg AAD WMAE WSS N TN 63178 g0y ¢ (T 1247 meOy/ 1), 2F 151~

AaFe] Buige YALFOE YT o 9y 10/ 0 (HF 1837 meO¥/ L), AF 103~210

FAZL 7tAE dule HE] o8/ EE Fa¥F mg0y/ & (BT 1440 mgOy/ £)8) FEHW = ey

€ Yeiez gEo| 44 FHo Al o3 . AAMEE el sHA =gy, YWz E 7
Agrgcd MBOD9} MBOD-Nv €84 €t go| 744 9}
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Table 6. Chiorophyll-a, bioassay value, growth limiting factor in each stations and AGP(algal growth
potential) and nutrient concentrations evaluated by MBOD method in July

Bioassay val AGP evaluated Nutrients evaluated
Chi oy A3 Growth by MBOD method by MBOD method
St (g /;j‘]:;) limiting (mg Chl/m°) (mg/ ¢)

MBOD MBOD-P MBOD-N 2T MBOD MBOD-P MBOD-N (P)‘ (N)*
0077 3400

Mulgum 11640 500 384 170 P 00 78 M0 oo (g
) 0093 2760
Namji 12434 484 466 138 P %8 W2 W gy ()
0126 3560

Jupo 9881 580 630 1B P 6 16 36 (0% oo
Ko- 0188 4400
vong 895 960 010 20 P 192 188 M0 )3 (3od)
Wae- 0032 4200
e 10887 196 160 210 P 02 RO A goe s

(* measured value)

Table 7. Chlorophyll-a, bioassay value, growth limiting factor in each stations and AGP(algal growth
potential) and nutrient concentrations evaluated by MBOD method in August

AGP evaluated Nutrients evaluated

Bioassay value

Growth by MBOD method by MBOD method
st o, (ng0/ L) limiting (mg Chla/m’) (ng/ £)
MBOD MBOD-P MBOD-N 2T \BOD MBOD-P MBOD-N ( P)‘ (N>‘
Mulgum 7082 304 190 832 p 608 380 1664 0038 1644

(0015  (0560)
Namji 6335 68 120 420  SXCeRL a5 o4g gy 0024 0810

P& N (0012)  (0.698)
jkpo 19602 40 56 €0 P 80 12 1 0000 " d;é‘?‘%
r‘y?n‘g 1200 710 8O 180 P 1420 1560 30 010 0%
hae 5330 38 58 119 p 6 16 8 o002 EXD

(* measured value)

42 =2 ZA HSIOIX £H MBOD-N& ©|& gtoll Hlsj 3~200A%= =4 Y

eyttt 9714 MBOD$} MBOD-PY gtol #9
MBODHl 9§ bioassay## 544§ zte} 2e AL SHIUAE] AR, FAdew
o} #AE €4, AYEE FE3}A Table 40 o] @0l Yol FAHYLL 2ulsin, Ay
228 8= Hoz ALV} FEHE Yehies Aod. 19
ZAL7|HES A ZARFLS F3 Bioassay 22, A 457 A VAR FHd S
Hol ©3 MBOD, MBOD-P, MBOD-N¢] 4% & 4 gt
TAE MBOD=MBOD-P<KMBOD-N¢ o2 o] uI L o] &3l Zw2(1983)2 AT A
A5 2 MBODS MBOD-P7F 94X, W7ol AFE HAE HHow, HHTH1994)
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Table 8. Chlorophyll-a, bioassay value, growth

A% - A4 -

limiting

ol¥% . w37

factor in each stations and AGP(algal growth

potential) and nutrient concentrations evaluated by MBOD method in summer

Bioassay value

AGP evaluated Nutrients evaluated

A Sl B

MBOD MBOD-P MBOD-N 2" MBOD MBOD-P MBOD-N SN

Mulgum 876 35 85 124 P 730 570 288 o o0
Namji 1329 231 259 930 P 462 518 186 ((&8%% (}f%)
Jukpo 1558 244 2715 1247 P 48 S0 294 Q02 S0
r’;gn‘g 1082 725 727 187 P 2164 150 314 o0 2
}’(‘f;; 695 17 93 140 P 234 186 20 0% 280

(* measured value)

& HFE7 AT 5298 ¥ v Aok

43. ZHEA N FF

FAR(1973)& d8 349 J%dH Chlashe)
BAE °l&3d FNZFFHFE FAHSAR
o8 3AES Chla%t YA3JA(POP)E Chla :
POP = 1 : 1°|32, A4 A2(PON)%}= Chla :
PON = 1:1022 #5530t 3} Ye] 93

QARI(POA-P)T A B0l o] 87158 AFd] 9
£3E A2 AHFHMBOD-P)#e] #AE PO, -P
: MBOD-P = 1 mgP : 500 mgO;¢]x, 3}8H4]
o 9% FF7)AA(TING AEo] o] 4753 4
Ak &3l AHAQ FFMBOD-N)Z Y BA
£ TIN : MBOD-N = 7~10 mgN : 500 mg0;°]
Atk olg Zo] #F FIH FE% MBODSH]
BA, ASEHIE F9 2, 49 Chlasty &
AA, &g BAN EEH A

Chla:P:N:0 = 1000ug Chla : 1 mg P :
10 mg N : 500 mg Oq

9 BANE o] 83ld JEgH I FAE 2
o ZAZAFE FIAAT. FF FEY T
9} bioassay #& ©|&3td 3t Z#E Table 5
~79) e, 1 HE & Table 89 WEh

Ron, 279 ¥EFY AAFHZF(AGP)E Fig.
20 JErIAT

ZAZINF 3R A5 YU E22gFL
4658~21092 mg/mAEE, Feo] FALdD
e dH AN T2 ZHFI ARSI
714 ggre 2@tk AlF Fo| AFEEE, A
Eo] o]80l5d 9dUYEAERH FAHEe /Y
A ZAFe MBODZRE 76~192 mg/m’ A&
o] o]&715% JNe2XEH P ZHY FAF
2z MBOD-P2%H 112~18 mg/m’, A% o)
ol 47158 AA2RH 24HY 279 FAZHY
2 MBOD-NOZRE 840~440 mg/m’elqith.
gt 8A FF EAde FrINSEZRE F
A Z2FF4 FAFE Chla 72 JEF
o 27%~134%71A £718 ASE dZ "
agis F7ie EAFe] dARY AuFoz
Po] A A olhe REr|dart ARARE
288 Hol AFFA EAsle £U1ALEY
H 35 e 255 ZAFL Chla v58 &
=% 2o 140%~400%71A 358 Hoz odF
HAd

4.4. MBOD-P2t MBOD-N<l

Al Fol AEd ol &HA 43

_90_



MBOD® ol & @ 35739

E AEo o]g7%E o YEde draMF
(MBOD-P)3#} A Eo] o]&7t5d i &Ede
AbA 28 B(MBOD-N)9 #A4 & Fig. 39 et
Adok. 2¥ 9 ML AR FFAN 7T A
284 gZaAE Yehz, o] g wet Y&
& NEFd EAsts Aol YAE 3t YT
A F A HEBo] o]l &7sT AaFo] HE0]
7158 Q#RT BSE JEig HoE o
HNAe et XEFS o] ol8IEd FAYR
ot MEo] o]&7t5E AFo] AFFd Bol EA

se A% UEE Welelt.

400] 2
33504
3004
280
2004
1504
100
M " '.!uwo Koryong Waeluyan N
STATIONS
[ ] stanag ome R AaP ]
s001 b:
4001 .
- 300+
6. 200
1004
Mqlg_y_t_l)__ Namji Jukpo  Koryong Waekwan
STATIONS
I [ ] standing cron  EHEH AGP
asoq
490
E.‘u
3’ 28
g’ 2004
1504
1 00
50

- LANL IS M e s s S e e
Mulgum  Namji Jukpo Koryong Waekwan
STATIONS

[ ] standing oron

Fig. 2. Standing crop and AGP evaluated by MBOD
method.({a) : June, (b) : July, (c) : August.)
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Fig. 3. The relationship between MBOD-N value and
MBOD-P value in the Nakdong river.

45 d4d =5 ¥ Chla2t MBODLt2|

Al

i oR

F%9 9%9 9 MBODY #AE Fig. 4
of veidd. 183, £F F571349
MBOD-Nx A9 A##A} Sz A#AT=
07282 vind o 13BE FF9 JIEE
Biocassay2 #7} 7bsd& & + AUt

52 &

G457 7 BEFAY F9YNe RS &
A 2547 dARE ARIFY ARE B
17 25FAAAFE FAH) A8 ‘94d 69
2E 8977 2AE AN 4¥F F, @
FoAM ART A5F MBODHA A 4E
A3 AN e 2 BES AU

1) MBODWdI Sl 4EHAES ANE ZH
MBOD+x 38~9.0 mgOy ¢, MBOD-P< 56~
94.0 mgOy/ £ ©|®, MBOD-N& 42.0~220 mgO./{

114
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(a) MBOD = PO& -P
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Fig. 4. The relationship between MBOD value and
nutrient.
(a) : MBOD & P04-3-P, (b) :
PO4-3-P, (¢) : MBOD-N & TIN.
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