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Abstract

The Han River is 469.7-km long and drains a 26 21%-km watershed. The sediments in the river are highly polluted
due to inputs from upstream tributaries as well as partially treated municipal wastewaters that are discharged to the
river. The water quality and strategy for control are important because the river is the primary drinking water supply
for the City of Seoul, as well as being a major source for irrigation and industrial water. The Jamsil submerged dam
partitions the river to isolate an upstream area for drinking water, but also captures sediments. Samples from four
sites were studied to determine sediment pollutant concentrations and phosphorus release rates. Phosphorus tends t
desorb from sediments when the concentration of overlying water is less than Al.AMater column P concentrations
range from 0.04 to 0.1 m@ which suggests that sediments will act as a P source. In a series of batch experiments,
P was released at approximately 15-20/mgweek in the wintel(1-5°C) and as much as 90 nim? week in the
summer(20-24°C), and is also a function of pH and dissolved oxygen concentration. The sediment total phosphorus
concentration, which averages 833 fkg, is evenly distributed among non-apatited-83%), apatite-P(32%) and
residual-P(34%). An equilibrium model is proposed to describe release rate.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction with a watershed area of 26 200 km . The river is
highly developed and has been straightened and

The Han River, the largest river in Korea, is the channeled for flood control. Its banks are lined
primary water source for more than 20 million with roads and parks. Paldang Dam, which is
people in Seoul and the surrounding area. It starts |ocated upstream of Seoul, moderates high flows

in north-east Kangwon-Do and travels to the Yel- 4 provide flood control. All of these modifications
low Sea through Seoul. The river is 469.7-km long ¢, ce flowing velocity, which increases the oppor-
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phosphorus loads are 70—-80% attributable to non- describe potential release rates to the water col-
point sourcegChoi et al., 1994. umn. The data were collected over a 4-year period
Sediments have accumulated behind the Jamsilfrom 1994 to 1998.
Dam and in other areas and are known to have
adsorbed pollutants on particle surfaces. Therefore,2. Materials and methods
sediment resuspension or pollutant desorption may
be an important source of pollutants to the water 2.1. Study area
column, and this potential release is a growing
concern for the users of the rivéHakanson and The study area is shown in Fig. 1 and includes
Jansson, 1983 The reentry of pollutants can be the City of Seoul. The Jamsil Dam area is located
accelerated by various chemical or physical chang- in the eastern part of the Seoul. This area is called
es in the overlying water, and the desorbed pollut- ‘Jamsil submerged dam’ because a submerged weir
ants may contribute to eutrophication, or impact maintains minimum water level, and prevents back
drinking water supplies(Lijklema et al., 1993; mixing from the lower, more polluted, sections of
Stumm and Morgan, 1996 the river. Maintaining a minimum water level is
Water quality downstream of the Jamsil Dam necessary to create a stable volume for drinking
area is impacted by treatment plants. The Jungrangwater treatment plants.
wastewater treatment system is the largest in Asia This area is generally protected from point
(~2x10° m*/day) and discharges into the Han source discharges. Seoul's major treatment plant,
River downstream of the Jamsil Dam. It was the large Jungrang wastewater treatment plant,
recently expanded to provide secondary treatment, discharges downstream of the weir. Only the Jay-
but does not perform nutrient removal. The reduc- ang municipal wastewater treatment, a small plant,
tion in pollutant release from the expanded plant discharges into the upstream area. Although the
is not large enough to restore down stream water hydraulic detention timé€1.5 h) of this section of
quality. the river is short compared to lakes, there is ample
It is proposed that controlling phosphorus is the time for sediments to deposit. Table 1 shows the
best approach to reducing eutrophication. Nitrogen distribution of point and non-point pollutant
and other nutrients are introduced from non-point sources from the Seoul area to the river. Non-point
sources and there is little opportunity at present to sources are responsible for approximately 70—80%
make these nutrients rate limiting@ostrom, 1988; of the phosphorus input. Table 2 shows the river’s
Wetzel and Likens, 1992To achieve water quality  flow rate and water quality. The flow rate is very
goals it will be necessary to further reduce phos- high during summer or rainy seaso@uly to
phorus sources in upstream tributaries and reducingSeptembe, and ranges from 1100 to 1400°/s.
or eliminating phosphorus release from sediments A disproportional amount of pollutants are washed
may also be require@Abrams and Jarrell, 1995 into the area during the rainy season. The flow
The research described in this paper focuses onrates during the winter season are approximately
phosphorus release from sediments as a function200 n?/s.
of overlying water characteristics. It was sponsored
by the City of Seoul and the Korea Engineering 2.2. Sampling and analysis methods
Consultants Corporation. The objective was to
assess possible sediment impacts on the Han River Water, disturbed sediment and undisturbed sed-
in the Jamsil Dam area. This manuscript concen- iment samples were collected from the study area
trates on Jamsil submerged d4dSD) sediments.  over a 5-year period from 1994 to 1998. Four
An upstream source, the Chungpyunk Lake, is sampling locations were selected for collecting
described in another pap&Kim et al., 2003, and sedimenty(SP-1 to SP-4, see Fig);lwater sam-
these two papers are the first publication of Han ples were collected at these sites and others as
River sediment data. This paper describes phos-well. Disturbed sediment samples were collected
phorus release studies as well as a model towith a Ponar Grab style sampler and undisturbed
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Fig. 1. Research area of Han River in Seoul, Korea.

sediment samples were collected by divers with 7. The sample was mixed and extracted for 2 h.
acryl tubes(4-cm diameter by 50-cm longPhos- The supernatant was filtered and analyzed for
phorus types were determined using the procedurephosphorus using ion chromatography. This pro-
of Hielties and Lijklema(1980. This procedure  cedure removes loosely associated phosphorus,
successively extracts phosphorus from sedimentscalled adsorbed-P or ‘NH Cl extractable P,” which
using different solvents and conditiof®Villiams is adsorbed to the surface of clays and small
et al., 1980. particles. It is believed that adsorbed-P is the most
Phosphorus was first extracted using 50 mg of available phosphorus. The sediment residue from
dried sediment with 50 ml of 1 M N Cl at pH this extraction is next extracted with 0.1 M NaOH

Table 1

Annual pollutants loadings from Seoul area in the Han Riiten/year, Choi et al., 1994

Parameters Annual loading Point sources Non-point sources
COD 4128 276867.1% 1360(32.9%
TSS 30991 912%29.7% 21 775(70.3%
Total N 2523 116546.2% 1358(53.8%

Total P 400 7919.7% 321(80.3%
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for 17 h. Phosphorus precipitated with metal ions,
such as Fe or Al, is separated, and is called non-
apatite-P(NAI-P) or NaOH-P. This type of phos-
phorus is generally less available than adsorbed-P,
but can be released in the natural environment by
increasing pH or reducing redox potential, and can
be used by aquatic plants. The residual is next
extracted for 17 h with 50 ml of 0.5 M HCI
solution. This type of phosphorus is called apatite-
P or ‘HCI extractable P.” Phosphorus released by
this extraction is usually precipitated with inorgan-
ic salts such as calcium. The remaining phosphorus
or unextractable phosphorus is called residual-P
and is calculated by difference with sediment total
P, measured usin§tandard Methods (AWWA et

al., 1995. This type of phosphorus exists with
organic compounds and it is difficult to separate.
The sampling procedures and analysis methodolo-
gies are described in greater detail elsewl&ien

and Choi, 1996; Kim et al., 2002

2.3. Phosphorus release experiments

Two methods were used to evaluate phosphorus
release. The first, called forced release, was per-
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Fig. 2. Sediment particle distributions.

Three different overlying waters, Han River water,

distilled water and deoxygenated distilled water
(nitrogen gas stripping followed by sodium sulfite

addition), were used to perform the tests. Other
experimental conditions are shown in the accom-
panying figures and tables, and the details are
available elsewher&im et al., 2002.

3. Results and discussion

formed by mixing 200 g of wet sediment with 500 3.]. Particle size distributions

ml distilled water and shaken at 2@ for 48 h.

The second method, called natural release, used 6- The patrticle size distributions are shown in Fig.

cm diameter by 45 cm tall acryl tubes without
mixing, containing varying amounts of sediment
and overlying water, treated in different ways.

2, and were similar for all four sites. The sediments
averaged 39 3% clay, 36+3% silt and 25-2%
sand. Using the Unified Soil Classification method

Table 2
Monthly mean water quality of Han River during research periods
Month Flow rate Temperature pH Turbidity Conductivity TSS VSS TP PO,-P
(mé/s) °C) (NTU) (pmhos’cm)  (mg/1) (mg/)  (mg/D (mg/D
1 184 14+0.5 7.3:0.11 4.5+1.4 85+2.8 6.1+1.1 2.6+0.6 0.035:-0.001 0.00%A0.001
2 214 1+0.7 7.2£0.09 5.0+1.2 94+ 3.6 6.4+1.2 2.0+0.5 0.050:0.005 0.004-0.002
3 258 3+0.8 7.8£0.12 4.8+1.2 102+3.7 6.1+1.2 2.8+0.7 0.059-0.003 0.00%0.001
4 310 8+1.2 75£0.14 47401 108+3.9 5.4+1.3 1.6+0.8 0.062:0.006 0.006-0.001
5 396 16+1.6 7.8£0.18 5.1+1.1 115+45 5.9+1.6 2.4+0.6 0.0540.002 0.006-0.002
6 647 23t2.1 7.6£0.17 4.9+1.3 124+5.1 6.0+1.5 2.6+0.6 0.094-0.009 0.009-0.002
7 1476 23t2.1 7.74£0.11 6.5+2.1 136+4.5 8.5+1.8 4.5+0.8 0.116:0.010 0.016-0.005
8 1149 25+1.6 8.0£0.12 7.1+1.8 149+4.1 10.4+1.6 3.4+0.8 0.105£0.007 0.008-0.003
9 1110 20+1.7 7.6+£0.14 5.6+1.2 132+3.4 8.5+1.6 2.9+0.9 0.098:0.006 0.00%0.002
10 325 18+1.5 8.0£0.10 5.1+1.1 12A3.1 6.5+1.7 2.3+0.8 0.085:0.007 0.00%-0.002
11 272 16+2.1 7.5+0.09 4.8+15 119+3.2 7.3+1.6 25+0.6 0.06A40.004 0.005-0.001
12 234 5-1.0 7.2£0.12 4.1+0.1 105t2.5 44+15 2.1+0.5 0.054:0.003 0.00%0.002

Ranges are standard deviations.
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Table 3
Mean sediment concentration as a function of depth
Parameters Sediment depth Minimum Maximum Mean S.D. Confidence intervals
cm
(em) 99% upper 99% lower
COD 0-15 18 950 35680 28181.2 4279.7 30575.2 25787.2
(mg/kg) 15-30 8950 28 950 20780.5 4779.4 23454.0 18 107.0
30-45 14510 29 840 21910.8 4381.1 24 361.6 19 460.1
Total N 0-15 950 1980 1410.4 261.5 1556.7 1264.1
(mg/kg) 15-30 645 1578 1110.0 208.0 1226.4 993.6
30-45 480 1250 710.9 186.5 815.2 606.6
Total P 0-15 580 1450 1010.8 278.1 1166.3 855.3
(mg/kg) 15-30 346 1150 760.2 216.2 881.2 639.3
30-45 450 1250 679.6 183.7 782.4 576.8
Ignition loss 0-15 4.6 11 6.8 2.0 7.9 5.7
(%) 15-30 4 8.8 5.5 1.4 6.3 4.7
30-45 3.1 6.4 4.5 0.8 5.0 4.1

(Das, 1990, the sediments are classified as silty can accelerate the release of nitrogen and phos-

clay. phorus to the water column. Generally, one expects
decreasing pollutant concentrations with increasing
3.2. Concentration vs. water and sediment depth sediment depth, due to biodegradation, or release

due to the changing conditions caused by

Monthly mean water quality data are shown in biodegradation.
Table 2. Samples were collected and analyzed The river depth in the study area is generally
twice per month and were performed over the 7—9 m. Pollutant concentrations increase with
entire research period. The concentrations of most depth, suggesting stratification and sedimentation
water quality parameters except pH are generally of pollutants(Kim et al., 2002. The DO concen-
higher in the summer than winter seasons. For tration ranges from 6 to 7.5 nigat the surface
example, TSS and specific conductivity were and decreases to 5-6 rfignear the sediments.
approximately 3 mgl and 40pmhos/cm greater,
respectively, in the summer. Monthly mean PO — 3.3. Phosphorus types
P concentration ranged from 0.0035 to 0.0095
mg/I. To (1974 noted that when soluble phospho- The mean concentrations among phosphorus
rus concentration exceeds 0.01 fhgohosphorus  types in the sediments are shown in Fig. 3, which
sorbs to suspended solids, which suggests that Prepresents 16 samples for each site. The majority
release from sediments may occur in the Jamsil of the phosphorus is distributed among NAI-P,
Dam area. apatite-P and residual-P, and were similar for all

Table 3 shows the results of the undisturbed sites, although the absolute concentrations are dif-
sediment analysis as a function of sediment depth. ferent. Adsorbed-P was very low at all sites,
Mean pollutant concentrations decrease with sedi- ranging from 0.1 to 2% of the total P. Site SP-4,
ment depth, except for COD, and the differences which is the most upstream from the dam of all
between levels are significant at the 99% confi- four sites, had the lowest concentrations.
dence level. The differences in concentration may
represent changing sediment pollutant concentra-3.4. Case studies of phosphorus release rates
tions over time, but may also be caused by removal
mechanisms. Anaerobic degradation could reduce Table 4 shows the results of 27 anaerobic and
COD and organic conterte.g. ignition los$, and aerobic forced released tests of sediments from all
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seven cases, with each case representing a series

N | | | ] of experiments to evaluate an effect or hypothesis.

i x L g X % b4 W& ® ] 'I_'he other two cases are shown in the following

L 8 ¢ * ¥ ¥ 52 % figures.
~ i Case 1 shows the impact of overlying water
imoz 5 depth. Different water depths were used with
g€ 3 identical sediment mass. There is no significant
g C ] difference in phosphorus release with water depth.
s T T Case 2 shows a similar series of experiments,
E T T except with changing sediment mass and depth.
§ 10 s The release rates are similar to the changing water
S F & 4 3 depth experiments, and release rate ranged from
© + ] 57 to 68 mg'm? week.

i ] Case 3 shows phosphorus release rate as a

| J function of temperature in anaerobic conditions

| el sh 3 Pl (overlying water DG=0.5 mg/l). Phosphorus

release rate increased dramatically with increasing
ANPRANPR ANPRANPR temperature, increasing from 15.8 ymg? week at
Site and P-types 2 °C to 115.8 mgm? week at 35°C.
A: AdsP N: NALP P: Apaiite P_R: Residual-P| Case 4 in Table 5 shows the effect of phosphorus
concentration in overlying water. Increased phos-
Fig. 3. Phosphorus types in sediments for each site. phorus concentration reduced release rate, suggest-
ing an equilibrium phenomenon. The sediments
four locations. Initial sediment water content, COD absorbed phosphorus only at the highest initial
and total P concentrations are shown, along with concentration of 2 m¢. Case 5 shows release
the mass released during the experiment. Therates with Han River water, which most closely
initial COD and total P ranged from 18 990 to reflects actual conditions. The initial phosphorus
35550 mgkg and 580 to 1150 mkkg, respec-  concentration was approximately 0.05 fhg
tively. The total P concentration of the sediments Release rate ranged from 44 to 68 /iy week.
is much higher than that of other lakes and rivers These rates are similar to the rates observed with
in Korea, which range from 400 to 700 nfigg distiled water at the same initial DO
(The Ministry of Environment, 1990 The forced concentration.
release of COD under anaerobic conditions ranged Case 6 evaluated the impact of initial DO
from 3340 to 7880 mgkg or 19% of the total  concentration in the overlying water. Fig. 4 shows
COD; forced total P release was also 19%095— the release rates as well as the changes in pH and
220 mg’kg). Under aerobic conditions, release DO that occurred during the test. The release rate
was much less, and was 8.8 and 10% for COD is approximately 105 mgn? week under anaero-
and total P, respectively. bic conditions, but decreases to 40 fnif week
A series of natural phosphorus release experi- when the initial DO is 7 mgl. Phosphorus release
ments were performed using blended, undisturbedrate is 2.5 times greater under anaerobic
samples. Sections of sediments from different conditions.
depths were blended to create an average or Case 7 evaluated the effect of pH on phosphorus
composite sample. Sediments from site SP-1 wererelease. The experiment was conducted over 7
used for all natural release experiments except days under anaerobic conditions. Fig. 5 shows the
Case 5. Sediments from site SP-1 were preferredrelease rates and the change in pH. The sediments
because they were highest in concentration andtended to neutralize the pH of the overlying water,
the site is closest to the submerged dam and with acid pHs increasing and basic pHs decreasing.
drinking water intakes. Table 5 shows five of The release rates show a minimum between initial
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Table 4

Sediment concentrations and forced release mass

Site Concentrations and COD Ignition loss Water content Total P

|
release mass (mg/kg) S.D. (%) SD. (%) SD.  (mg/kg) S.D.

SP-1 Initial conc. 35550 8150 6.4 1.3 42.1 5.18 1150 240
Released mass 7880 2428 - - 220 445
(anaerobig (22.2% (19.1%

Released mass 3370 820 - - 115 21.3
(aerobio (9.5% (10.0%

SP-2 Initial conc. 26 570 7060 5.1 1.3 47.0 5.34 980 210
Released mass 4780 1870 - - 176 52.3
(anaerobig (18.0% (18.0%

Released mass 1860 910 - - 88 26.8
(aerobio (7.0 (9.0%)

SP-3 Initial conc. 18 990 8940 6.0 1.3 52.1 4.78 900 180
Released mass 3340 1280 - - 170 38.9
(anaerobig (17.6% (18.9%

Released mass 1490 1070 - - 97 19.4
(aerobio (7.8%) (10.8%

SP-4 Initial conc. 34180 9570 45 1.3 47.6 471 580 145
Released mass 6490 1560 - - 105 46.4
(anaerobig (19.0% (18.1%

Released mass 3810 1100 - - 55 29.6
(aerobio (11.1% (9.5%)

Mean Initial conc. 29970 8981 55 1.1 47.2 4.09 883 228
Released mass 5622 1580 - - 168
(anaerobiy (18.8% (19.0% 41.4
Released mass 2633 990 - - 89 20.1
(aerobio (8.8%) (10.1%

pHs of 7 and 10. The rate varies from 40 to 25 between 200 and 400 tgpear for total P and 23—

mg/m? week. 40 toryyear for PQ —P in the winter, and between
3400 and 5100 tofyear for total P and 225-440
3.5. Annual release rate ton/year for PQ —P in the summer, respectively

(Kim et al., 2002. This is much greater than the

The annual release rate can be calculated USING o |ease rate estimated from the batch experiments.

the previously described experimental results and .
sediment accumulation areas. Accumulated sedi- Furthermore, estimates of the total phosphorus

ment volume is approximately 25000%m over mass in the sediments using our data range from
0.128 kn? on the north side, and 203 006 m over 360 to 460 ton. _

0.507 kn? on the south side. The laboratory  This initial analysis suggests that sediment phos-
measured release rates can be applied to thePhorus release under normal circumstances will
sediment areas and compared to water quality P not significantly change Han River water quality.
concentration. Han River phosphorus concentration would need

The average release rate is 1.4 fpear for  to decrease to approximately 0.}8y/| before

aerobic conditions(DO=7 mg/l, pH 6.2) and sediment P release would equal river concentra-
increases to 5.5 tghyear for anaerobic conditions tion. These estimates should be used cautiously,
(DO=0 mg/l, pH 5). The mass rates of phospho- since other pollutants contained in sediments may
rus in Han River water to the Jamsil area range have an impact. Also a catastrophic release in
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Table 5
Phosphorus
conditions

release rate with changing environmental

Case 1. Phosphorus release rate with change of water depth
(Sample SP-1, 20C, pH 6.8, sediment depth8 cm,
anaerobi¢

Water depth(cm) 3 5 8 15
Release ratémg/m? week) 57.2 67.2 61.8 68

Case 2. Phosphorus release rate with change of sediments
depth

(Sample SP-1, 20C, pH 6.8, water column depthl0 cm,
anaerobig

Sediments deptkicm) 3 5 8
Release ratémg/m? week) 585 61.4 60

15
64.1

Case 3. Phosphorus release rate with temperature change
(Sample SP-1, pH 6.8, water column depth0 cm, sedi-
ment depth=8 cm, anaerobic
Temperature°C) 2
Release ratémg/m? week) 15.8

10 20
35.8 89.8

35
115.8

Case 4. Phosphorus release with change of phosphorus con-
centration of overlying water

(Sample SP-1, 20C, pH 6.7, water column depthl0 cm,
sediment deptl 8 cm, anaerobic

Initial phosphorus condmg/l) 2 1 05 0.1
Final phosphorus conémg/1) 13 1.2 152 1.7
Release ratémg/m? week) —125 84 56.2 645

Case 5. Phosphorus release when using in situ water as over-
lying water

(20°C, DO 4.5, pH 6.6, water column dep#10 cm, sedi-
ment depth=8 cm)

Site

Release ratémg/m? week)

SP-1
67.5

SP-2 SP-3 SP-4
549 57.4 43.7

sediments(e.g. a large flood or earthquake that
mobilized sedimenjswould have a large environ-
mental impact.

3.6. Modeling phosphorus release rates

The previously described laboratory studies

show that temperature, DO and pH have a major
impact on phosphorus release rate. In order to
better quantify the rates as a function of the various

conditions, a simple model is proposed:

Vd—C—FA=K(CS—C)A (D

dr

where F is the release rate from sedime(d/
m? day) and is proportional to the arda, m?), a
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Fig. 4. Phosphorus release rate with DO chat@ase 6.

transfer parametekK) and driving force. The
driving force is equal to the difference in P
concentration between the sedimefg, g/m®)
and overlying water concentratidi, mg/l). The
parameterK is estimated from laboratory experi-
ments. Eq.(3) can be rearranged to separate the
variables, as follows:

2

Eqg. (2) can be integrated and becomes KE®)
with C=0 atr=0, as follows:

In[@Jz_
Cs

Eq. (3) can be rearranged to create the exponential
form as shown in Eqg.(4), or can be solved

KA

v (3

"g ;zC OPhosphorus release rate 14

- 3 oFinal pH o112
D ~24 N\ o
2 - \ 310 2
2 820 \ “8 TQ
& ? 16 N ° ¢ £
2 NE 12 A 16 X
5 80— - RSN S S ¥
< E 10 12

wn

S 0 0

= 2 6. 8 0 12 14

= Initial pH

|Site: SP-1, Temp.: 20 °C, water column depth = 10 cml

Fig. 5. Phosphorus release rate with pH chat@ase 7.
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anaerobic conditionéDO< 0.5 mg/l) in the over-
lying water. After 120 h, the anaerobic and aerobic
mass releases are approximately 90 and 30 mhg P
m2. The smooth lines are the model predictions
for the K values described in the last section. None
of the data points shown in Fig. 7 were used to
estimate K values; therefore, the data act as a
validation for the model. The model slightly under
predicts anaerobic concentration but fits aerobic
concentrations better. The fits haiké of 0.95 and
0.85 for anaerobic and aerobic conditions,
respectively.

»
ppmeret
g

3.8. Sediment pollutant concentrations over time

During the 4-year study period, a large number
of sediment samples were collected and analyzed
for COD, total nitrogen, total phosphorus and
Fig. 6.K-value as a function of pH and temperatures for anaer- jgnjtion loss. The various concentrations are shown
obic conditions. as a time series in Fig. 8. The upper graph shows
the results for site SP-1 over a 3.5-year period.
The bottom shows site SP-2 over 5-month period.
Periodic dredging occurred during the 3.5-year
C=CS[1—Exp[—EtH @) period, but did not have a noticeable effect on

explicitly for K as shown in Eq(5).

1% sediment characteristics.
Ccs—C
K=—K|n{( ° )} (5 8 8
tA Cs = ® Meas. P Conc. (Anaerobic) : -
3) O Meas. P Conc. (Aerobic). : < %
The value ofk was estimated from the anaerobic % _____ bred. b cone. Eﬁ‘;f;;‘;;”) 1 €
experiments in case studies 1 through 7 as a.g 6 r -6 =
function of pH and temperature. Fig. 6 shows the & ! p ] %
value of K as a function of pH and temperature. g ' ' ] E
Too few experiments were conducted with aerobic & L §
conditions to graplk values, but they ranged from G [~ """ T T Tt E""_ 4 g
0.00283 mday at DO=3.1 mg/l to 0.00176 nf A [Piige :
day at DO=7 mg/! for 20 °C and pH 6.2. These  © 1 =
values are less than measured under anaerobic§ D) A S, SO - USRS PA E
conditions for the same pH and temperature. The g H . §
next section describes P release experiments over R -
time, and were used to verify the model. " 1o
0 N

(=)
IS
=N

3.7. Release rate studies vs. time IncubationTime (days)

Fig. 7 ShQWS natural phOSphorUS release as arig. 7. Measured and modeled phosphorus concentration
function of time for aerobidDO=6 mg/l) and changes with incubation time.
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Fig. 8. Pollutant concentrations change in sediméat:site SP-1 during 3.5 years arftd) site SP-2 during 5 months.

4. Conclusions (1) The mean composition of sediments in the
JSD, Han River, are clay 393%, silt 36+3%
This investigation evaluated sediment character- and sand 25 2%, and are classified as silty clay,
istics including pollutant concentrations, particle according to the Unified Soil Classification system.
sizes, phosphorus existence types and release rates, (2) The COD and total P in the sediments
and water quality in the JSD area of the Han ranged from 18 990 to 35550 njkg and 580—
River. The sediments are highly polluted because 1150 mgkg, respectively. The mean COD, total
of various sources of pollutants. The release rate, P and total N concentrations in sediments are
as measured in laboratory reactor tubes with long 29 970, 883 and 1080 ni§g, respectively. Mean
exposures, is low, as compared to the current total ignition loss is 5.5%.
phosphorus load in the river. The release rates are (3) Mean nitrogen and phosphorus concentra-
low compared to the phosphorus loading in the tions and ignition loss decrease with sediment
river, and suggest that water quality will not be depth and the differences between levels are sig-
significantly impacted under normal conditions. nificant at the 99% confidence level. COD concen-
The following specific conclusions are made: tration shows no statistically significant trend. The
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trend might suggest a removal mechanism in the
sediments.

(4) Phosphorus is distributed nearly evenly
among NAI-P, apatite-P and residual-P forms. Very
little adsorbed-P was found.
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nology and Sustainable Development of Korea
University.
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