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INTRODUCTION

   Particulate orgEmic matter (POM) in freshwater ecosystems is an important organic substarice,

and serves as a primary energy souroe for the functioRing of the entixe food chain in the designated

riverinesystem [13, 17 18, 19]. In spite of this importaiice ofPOM in terms ofelemental base in

particulate orgaiiic carbon (POC) and nitrogen (PON), its distribution and the role of tropho-

dynamics iri trie freshwater ecosystem is poorly known panicularly in Asian eRviroimient. For

Koreq and rrian-made iakes in particular, the distribution and the characteristics of suspendecl

particulate matter (SPM) have been reported only by very few researchers [4]. 'Ihereport of Choi

et aL (1985,[4]) emphasized tlie ecological importance of this matter in freshwater rescrvoirs, in

particular with reference to a newly formed lake in an estuary after the building of a river barrier,

ie., Yongsari Lake, Korea.

  Park et al. (1992, [12]) reported that Daechung Reservoir I.alce is iii the stage of ever iricreasing

stress of eutrophication and the consequent aigal bloom has become evident and common in

suirmer. We report here the distribution of SPM POM, POC, PON and some environmental

parameters; temperature, pH, DO, BOD, nutrients (N03 aiid P04), chierophyli a and DNA

contents at five distinctively difiierent sites along the Kum River system during April, July, Aiigust

and September of 1993 to detefmine lts characteristies and to discuss the impormce of this matter

in one of the major rivers of Korea, the Kum River.

MATERIALS AND METHODS

   The samples analyzed in this study were collected four times in 19 April, 27 July, 20 August

and 22 September 1993 at flve stations on tizie Kum River, Korea (Fig. 1). rllhe Kum River is 401

km long and has a catctment area of 4, 184 km2 ; it is one of tlie four major rivers of South Korea,

fiowing through the mid-iands of the Korean Peninsula to the Yeliow Sea [7]. [the Daechung Dam

was coRstructed in 198e for aii artificial freshwater supply, and the resultirig Daechung Reservoir
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Lake has a surface area of 72.8 km2. The clam site is located 150 km from the Kum River Estuary

[8].

   Stas. 1 and 2 aire located on the Daechung Reservoir Lake. Sta. 1 is the deepest and just beside

the dam. Sta. 2 is also on the edge of the lake at a distarice of 9 km from the dam site. Sta. 3 is in

the immediate vicinity of the outfal1 of the dam. Sta. 4 is 36.4 kn downstream frorn the dam and is

near the outskirts of the city of Kongiu. Sta. 5 is very shaUow (usuaily less than a meter in depth)

and located 12 ktn downstream from the dam in confluence area ef two streams - t!]e Daejonchon

and Eudongchon - which are heavy loaded with clomestic and industriai effluents [9, 10].

   T!ie collection sites are among those rouhnely studied over the past two years by Lee et aL

(1993,[9]; 1994,[10]) and currently under study by Choi (1992,I3]).

   Sampling routines were ail simiiar. Water samples were taken in standard PVC 3L Vaii Dom

bottles and were collected from the surface and the bottom. Veitical profiles of up to six samples

cover the entire water column for Sta. 1. Because of its shallowness only surface samples were

collected at Sta.5.

    TIhe water temperature, salinity, conductivity, turbidity and dissolved oxygen (DO) were

measured elec trometrically in the field using in situ probes (Horiba, U-10). Duplicate samples for

DO were later re-checked by the Standard Winkler Method (1985,[1]). Field pH detenninations

were made tmediately after tiie water was brought to the sutface with a batt¢ry operated digitalpH

met¢r (SP-2200, Suntex Inst.). [Ihe biological oxygen dcmand (BOD) was determined by

volumetric titration followed by the ALPHA method (1985, [1]. The nitrate aiid phosphate contents

were analyzed by potenciometrlc titratien using a spectrophotometer.

   [[he 90% acetene extracted chlorophyll a were measured spectrophotemetrically foHowing

Strickland et al., (1972,[5]), The DNA content was measured by the spectiro-fluorometric method

using aromatic fiuoroscent dye DAPI [16].

   Pre-weighted glass fiber fgters (Whatman GF/F) were used for the analysis. The SPM fetained

ia the fllter was combusted in an eiectTic muffle furnace at 500 ℃ for an hour, and the weight

difference after conbustien (ignition loss) was considered as POM. For POC and PON, the volume

of ineasured wateT samples were filtered through glass fiber filters (Whatman GFIF) prebaked in ai}

electric muffie fumace. After rinsing with fiitered distilled water and briefly treated with IN HCi,

these filters were Iater analyzed for the concentration of POC and PON by the gas-chormatographic

inethod using an ElemeRtal Analyzer (Perkin Elmer CHN Anaiyzer 240-B). Sample flltration,

treatment and preparations were base on the methods of Gordon (1969,[S]; 1970,[6]), Strickiand

and Parsons (1972,[15]), Choi (1982,[2]), and Choi et al. (1985,[4]) with slight modificatioB.

RESULTS AND DISCUSSION

   Data piotted in Fig. 2 show the vertlcal profites of temperature, pH, nitrate, pbosphate, DO,

chlorophyll a, DNA arid total cltlorophyll concentrations at Sta.1.

  During tlte survey, the minimum temperature recorded 6.5 ℃ at 20 m in April and the maximum
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of 26 ℃ was recorded at the surface in August 1993. 'IIhe vertical proflle of temperatures shows

slight thermocline deveiopmeRt at 10 m in Apri1 and 30 m in September; the water body above this

depth was homogeneous. Thc lower temperature average of 13.6 ℃ in Apri1 and the higher average

(22.7 ℃) for August appeared as expected. 'lhepH ranged 6.84-9.82 with an average of 7.88.

Relatively higherpH appeared in the epilimnion.

   The results of eRvironmental variables duimg the survey are shown in Fig. 3. In general, DO

concentrations of Stas. 1 and 2 were higher than these of Stas. 4 and 5. 'IThe DO ranged from 1.26

to 11.33 mglZ and the average DO of April (9.24 mglZ) and of Juiy (7.55 ing17) was higher than

those of August (5.54 mgtb and Septembe! (4.97 mgt4.

   'lhe BOD showed wide variation and ranged from O.4 to 12.20 ing,a with an average of 4.17

ingll. 'TThe average of BOD content was highest in July (6.18 mglb, compared with 4.24 in Apiil;

3.78 in August and 2.80 mg/l in September. Among tlte highest BOD readings was that for July at

Sta. 1 (surface) of up to 14. 85 mglZ. 'Iliis was thought due te the excessive accumuiation ef litter at

the dam site including fallen arid degraded Ieaves, other vegetation debris, organic matter after

previous keavy rain fal1 and some by phytoplarikten growth as indicated by the chlorophyll

contents.

   Sta. 5 showed consistently high B09 contentwith an average of 10.43 mglZ; average BOD was

3.41 fef Sta. 1; 4.22 for Sta. 2; 1.47 for Sta. 3 and 4.45 mgll for Sta. 4. In terms of BOD content,

Daechung Reservoir Lake is becoming overloaded with higher organic matter [8].

   During the suivey period nitrate conceRtration ranged froin O.78 to 6.79 pt Mwitli an average of

2.33 pt M, and the phosphate ranged from O.14 to 16.80u Mwith ac average of 6.55 pt M In

gencral, phosphate contents were higher tliari those of nitrate. Ternporal variation of nitrate showed

high in April (3.01 pt Ml) and lew in September (1.32 pt M); cenversely phosphate appeared low in

ApTg (2.17 pt M) and hlgh in September (10.77 pt M). Both nutrients appeared low in Stas. 1 and

2, and increased downstream (Fig. 3). 'IIhevertical profile of these nutrients at Sta. 1 showed less

nitrate variation exoept for the surfaee high in Aiigust, yet the phosphate concentration showed

considerable vertical variatiolls. In comparison with nitrate, the absolute amoumt was also higher.

   'I:hrough the survey period the SPM amount ranged from 11.20 to 44.07 mglZ with an average

of 22.39 mg!1. The results also iitdlcated that the disbibution was highly variable. 'Ilhe highest

monthly average appeared in July (26.85 mgiV) with iower values in Allgust (19.ll mglb and

September (2e.S3 mgiV). Highest SPM concentration (44.07 mglb occurred in July at Sta. 4

(surface) where the water had become shallow and resuspension of th¢ sediments prevailed.

  [lhe aifiount of POM coRsidered as ignitioR loss of the collected SPM ranged from O.63 to 12.19

mgtl. 'IIhe pefcentage of POM to SPM averaged 11.8%.

   However, the vertical profile of the igRition loss to SPM at Sta. 1 showed a more variable

pancm: 33.9% at the surface and 2.0% at 35 m in April 1993. Current results are in good

agreement witlt the average organic matter conteRt of river particulate matrer bes between 1--5%,

ranging from less tkall O.5 to moye thEm 20% [11].

  lhe station averages of POM for Apfil, Aiigust aiid September were 2.87, 2.22, and 1.e2 mg17
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respecxively, showing a relatively stable distributional trend. in July, however, average POM was

4.27 mg17 and this was 15.4% of SPIVL 'lhis higher POM cont¢nt in July was more evident in

Stas. 1 (5.06 mglZ) and 2 (4.52 illglb. We found surface bloom ofAnabaeita sp. at this tinie. High

clilorophyll a, total chlerophyll concentrations and DNA data (Fig. 2) all support this inereased

amount of POM.

  Kim et al. (1984,l8]) aRd Park et aL (1992, [12]) revealed that DaechuRg Reservoir Lake iii the

summer phytoplankton succession is predorninated by Anabaena, Anaqystis and Microcystis sp.,

and that the bloom is usuaiiy one of these species.

    'IIhe surface bloorn of Anabaena sp. in July has been coincided with high contents ef

chlorophyll a (5.02 g g!4, total chlorophyll conoentrations (8.08 pt glb and DNA (16.27 pt glb. At

Sta. 1 the correEation between POM and chlorepbyil a was highiy significant (P<O.Ol) as was

shown in the same highiy significant relationship between chlorophyll a and POM in Nortli Sea

 [14]. 'IIhis relatiollship does not necessarily mean that higher POM content on the surfaoc is

contributed by priiiiary production. However, it appears that incTeased amounts of POM cain be

autochthonous in origin. At Sta. 4 surfaeq high SPM (44.07 mgtb did not yield high POM (4.48

pt gtb and POMwas only le.2% of SPM. Here the biomass data wefe not significantiy correlated

with POM either (P>O.05).

   Spatial variability of the station average in POC ranged from 401.2 to 5,145.3 " g14 and tliis

was averaged 65.5% of the Pe)vr "IIhe PON station average ranged from 10.4 to 1,130.4 pt gtl,

with an average of 229.1 pt gill, and was 9.1% of POM respectively. Temporally both POC and

PeN appeared highest in july and lowest in September.

  [lhe CIN ratio ranged widely from 3.0 to 38.6 and averaged 8.2. 'IIhe CIN ratio appeared highest

in Aprll (10.4) and lowes{ in September (5.9). rllie average CIN ratio was higher in Stas. 1 and 2,

decreasing downstream towards Stas. 3, 4 and 5. Sta. 5 showed constant low vaiues ef CIN ratio,

and this is thought to be due to the 1arge amount of sewage effiuent high in nitrogenous raateriais

entering the Kum River systein from the city of Daejon [9].

  Following Tabie 1 is a comparison of thePOM datawith those of Lake YouBgsan, Juiy, 1984.

Lake Yongsan is a reservoir lake fomied by a building of river barrier in the Yongsaii Estuary,

Korea.

  'Ihe two man-made lakes are distii}ctly diffeTent with respect to tlie distribution of POM. ln Lake

Yengsan, the SPM amouRt inclucling ignition loss and residue are absolutely higher, yet POC and

PON are less than those of Daechung Reservoir Lake. The C!N ratio is also higher in Daechung

Reservoir Lake. Furthermore, estimated phytoplanktoll carbon froiri the chlorophyll data and the

percentage of this cafbon to POM is also higher (x 2.2) in Daechung Reservoir Lake.

   IB terms of general treRds aiid the distribution of POM together with the subsequent elementa1

basis of POC and PON from the current data, it is reasonable to assume that Stas. 1 and 2 of

Daechung Reservoir Lake are affected by autochthonously originated organic mancr input, and

Stas. 4 afid 5 are mostly affected by other allochthenously originating organic matter to the system

inciuding domestic, indusuial and agricu1turai discharge from surrounding areas, [lhe POM
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stream Stas. 4 and 5.

e Stas.
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Table 1. A comparison of SPM, Ignition loss(IL), Residue(R), POC, PON and C!N ratio in Lake Yongsan,
         *  July, l98zi and Daechung Reservior Lake in July, i993.

Lake
SPM(a> IL(b> R b!a POC(c) c!b PON(d) dlb

(mg/0 (ts) (mg!1) (%) (mg/1? (%)
CIN Remarks

Yongsan

Daechung

49.2 ll.9 37.2 24,2 i.39 ll.7 O.25 2.1 5.6

28.8 4.8 24.5 l6,5 3.34 69.e O,46 9.0 8.3

4 Stas.Average; july,i984

2 Stas.Average: July,i993

* Choi aRd Chung(1985,[41)
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