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Abstract



Recently, the concentrations of total phosphorus (TP) in the Feitsui Reservoir have
increased at a rate sufficient to cause public concern. In addition to the externa load of
phosphorus (P) from the watershed, P releases from the sediment of the reservoir was also
considered an important internal source of load to the water body. Therefore, knowledge of
the mechanisms and factors influencing sediment phosphorus release in the Feitsui
Reservoir were needed.

The objective of this study was to evauate the effect of sediment phosphorus on the
water quality of the Feitsui Reservair. In the first year of this study, the framework of this
study included : (1) the continued sediment sampling and analysis works at five sampling
sites in the reservoir; (2) the understanding of the chemical composition and mobility of
sediment phosphorus; (3) the possible sources and loading of phosphorus in the watershed,;
(4) the factors influencing the release of sediment phosphorus; and (5) building up a
conceptual model of the one-dimensional sediment phosphorus transport at sediment-water
interface.

By comparing the sampling results of this year with those of the other years, there was
not significant difference between them. It was suggested that no accidental pollution had
occurred in the reservoir this year. The analysis of the fractionation of sediment phosphorus
at five sampling sites indicated that not only organic P but Fe, Al-bound P (non-apatite P)

were also the dominant species of phosphorus in the sediments. However, the increase of



apatite-P(Ca-P) found in two sampling sites (S-1 and S-2) which were in the upstream and
near the agricultural area of the watershed implies that the accumulation of apatite-P might
be the result of fertilization application.

The dissociation of the non-apatite P in the sediment in anoxic state would result in the
release of phosphorus into the underlying water. By using the Sl index method to evaluate
the mobilization ability of sediment phosphorus releasing from the P-containing minerals,
the results showed that with more reduced state due to the higher microbia activity in the
sediments in summer, there was higher potential for sediment to mobilize and dissolute in
the porewater. The increased soluble P and reduced ORP and pH value in summer support
this suggestion. In addition, not only the biological decay rate constant as the factor
governing organic-P decomposition, the ORP, pH value, DO and the adsorption-desorption
constant(K,) were also identified as the important factors influencing the sediment
phosphorus release process. According to the investigation of the results monitored or
observed onsite or in the laboratory column experiments, we build up a conceptual model
explaining the sediment phosphorus transport and the flux in the sediment-water interface.

In the next two years, by incorporating the sediment model with the water quality
model which has been well used and accepted by others, we are going to predict the
amount of phosphorus transported from the sediment to the water body of Fei-tsui

Reservoir and try to quantify the effect of sediment phosphorus on the water quality.



Hopefully, future work would give more information about the cycle of P in the

reservoir and provide sound strategies for the improvement of the water quality.
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Overlying water(0)

BOX1(oxic zone)

BOX2(anoxic zone)

Cuik *q flux upward

| 7=0

/= Zl

Z=271+7>

4.7

6060

5060

400

3060

TP (ug/L)

200

100

—_+A

+B

4.8

554 ug/L

0.25 0.71 0. 88 1.90 3.67

Time(day)

sampleno. | Time(day) | A-DO | B-DO
1 0.25 6.4 6.1
2 0.71 3.6 8.5
3 0.88 21 8.9
4 1.90 2.0 9.0
5 3.67 19 9.4
6 5.708 14 8.6
DO unit: mg/L
( A
1065 ug/L)



TP, ug/L

60.00

50.00

40.00
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—®— Hypolimnion TP
—2&— Bottom DO

4.9

(2000 1 -~9

10

DO, mg/L
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Reaction pK Source
Fey(PO,), 8H,0=3Fe*"+2P0, * + 8H,0 36.0 Holdren and Armstrong(1986)
CaFe(PO,), 4H,0 = 2Ca?* + Fe** + 2PO,> +4 H,0 34.2 Holdren and Armstrong(1986)
Ca(PO,),= 3Ca&'+ 2PO,> 285 Holdren and Armstrong(1986)
CaH(PO,); = 4Ca* + H" + 3PO,* 46.9 Holdren and Armstrong(1986)
Cag(PO,)30H = 5C&* + 3PO,> + OH" 57.8 Holdren and Armstrong(1986)
Mng(PO,), 3H,0 = 3Mn*" + 2PO,* + 3H,0 318 Holdren and Armstrong(1986)
FePO, 2H,0 = Fé*" + PO,* + 2H,0 26 Stumm and Morgan(1996)
AIPO, 2H,0 = AI*" + PO,* + 2H,0 21 Stumm and Morgan(1996)
CaHPO, = C&®* + HPO,* 6.6 Stumm and Morgan(1996)
Cayo(PO,)e(F), = 10Ca2* + 6PO,> + 2F 118 Stumm and Morgan (1996)
CaHAI(PO,), = C&* + AI* + H' + 2HPO,* 39 Stumm and Morgan (1996)
FeS=Fe* + S 16.9 Holdren and Armstrong(1986)
FeCO; = Fe** +CO5> 10.68 Holdren and Armstrong(1986)

25
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O© 0 NO O WDN P

=Y
o

11
12
13
14
15
16
17
18
19

51-52
30-31
18
B1-8
01
42-43
30-31
18
B1-8
01

2001/5/14
2001/5/14
2001/5/14
2001/5/14
2001/5/14
2001/8/28
2001/8/28
2001/8/28
2001/8/28
2001/8/28

2001/8/28
2001/8/28
2000/6/21
2000/6/21
2000/6/21
2001/7/26
2001/7/26
2001/7/26
2001/7/26
2001/7/26

20

1-10

,11-20



3.2

1 NIEA S330.60A
2 NIEA S330.60A
3 NIEAS321.60T
4 NIEAS321.60T
5 NIEAS321.60T
6 NIEAS310.60T
7 NIEAS340.60T
8

9

10

11

12

13 (%) NIEAW433.50A
14 (F) NIEAW413.50A
15 |pH NIEAS410.60T
16 ORP

17 Method of Soil Analysis 1129-3,-4
18 NIEA S280.60T
19

20 (TKN) ASTM 4500-N
21 (TP) ASTM 4500-P
22 (SP)

23 X

24 X




3.3

1 20% 80~120% 100% | 3.13mg/kg
2 20% 80~120% 100% | 1.56 mg/kg
3 20% 80~120% 100% | 0.63 mg/kg
4 20% 80~120% 100% | 6.25 mg/kg
5 20% 80~120% 100% | 3.13 mgkg
6 20% 80~120% 100% —
7 20% 80~120% 100% -
8 20% 80~120% 100% | 0.080 mg/L
9 20% 80~120% 100% | 0.097 mg/L
10 20% 80~120% 100% | 0.001 mg/L
11 20% 80~120% 100% | 0.000 mg/L
12 20% 80~120% 100% | 0.006 mg/L
13 (S?) 20% 80~120% 100% | 0.023 mg/L
14 (F) 20% 80~120% 100% | 0.003 mg/L
15|pH — - 100% —
16 (ORP) - - 100% -
17 20% 80~120% 100% -
18 20% — 100% —
19 (TKN) 20% 80~120% 100% | 11.70 mg/kg
20 (TP) 20% 80~120% 100% | 8.73mgkg
21 (SP) 20% 80~120% 100% | 0.007 mg/L




41 90 5
/
S5 S4 S3 S2 s1
ORR(TV) 72.9 57.7 92.6 120 196
-195
pH 6.75 5.32 5.73 6.45 6.86
(%) 55.5 465 24 46.7 373
(%) 5.27 35 3.95 4.96 3.26
(mg/kg) 17585 1321.1 15185 14233 917.4
(mg/kg) 586.0 493.8 336.8 615.3 328.2
(mg/L) 1.45 2.09 1.92 1.58 0.98
(mg/L) 0.85 1.36 1.10 0.35 0.31
(mg/L) 0.18 0.15 0.26 0.11 0.14
0.11 0.08 0.09 0.11 0.12

(mg/L)




42 90 5 ( , %)

()
S5 S4 S3 S2 S1
>710 0.05 0.02 2.72 0.39 0.11
710-500 0.22 0.30 9.65 0.70 0.49
500-300 1.63 0.77 1.69 2.74 2.69
300-250 0.33 0.11 19.09 0.73 0.64
250-180 5.43 458 3.93 6.70 8.60
180-150 1.83 1.56 18,51 1.41 2.91
150-106 9.23 9.69 3358 7.41 14.49
106-38 25.11 37.94 3.24 30.53 45.80
38-16 14.85 8.72 413 25.85 21.56
16-6 18.04 17.68 1.90 13.21 1.93
6-2 23.06 18.45 1.55 10.27 0.78

2-0 0.22 0.18 0.01 0.06 0.00




43 90 5 ( )

S5 S4 S3 s2 s1
(Fe)(%) 35 3.1 35 3.2 15
(Mn) 3260.4 686.5 451.1 583.3 334.6
Zn) 114.7 93.2 90.3 93.0 84.6
(Pb) 465 46.1 62.0 418 27.4
(Cu) 255 24.7 22.8 21.4 25.7
(mg/kg) (A3) 2.7 23 2.9 18 16
(Ho) 0.2 0.3 0.2 03 0.4
(Fe) 39.4 40.2 375 327 9.1
(Mn) 105 9.9 7.0 6.3 44
(Al) 16.6 19.3 5.7 45 5.9
(mg/L) (Ca) 2.1 17 5.8 107.5 57.8

(Mg) 8.6 76 12.6 23.4 11.1




44 90 8 12 )
/

S5 S4 S3 S2 S1
. -90.2 10.2 -54.1 27.1 29.6

ORP(MV
™) -147.0 -123.0 -153.1 -155.3 -137.7
pH @ 7.0 6.9 7.0 6.9 7.0
312 116.1 185.5 154.1 177.8

ORP(MV)®
-163.3 -167.7 -374 -138.2 -110.9
pH © 6.7 6.8 6.9 6.9 6.9
(%)@ 53.4 54.8 55.4 53.7 37.7
(%)@ 1.76 1.90 2.03 2.09 1.59
(mg/kg) @ 810.0 1295.0 1694.0 1452.5 882.3
(mg/kg) @ 658.4 874.0 891.4 1268.3 795.3
(mg/L) @ 2.32 1.48 1.86 2.32 1.66
(mg/L) @ 0.55 0.53 0.49 0.49 0.57
(mg/L) @ 0.32 0.50 0.21 0.08 0.08
(mg/L) @ 0.11 0.37 0.39 0.43 0.52

Note (a) 90/8 (b) 90/12



45 90 8 , %)
()

S5 S4 S3 S2 S1

>710 0.29 NA 0.00 NA 1.89
710-500 0.31 6.04 0.09 9.77 2.61
500-300 0.91 9.57 0.22 16.17 2.43
300-250 1.35 11.99 0.24 20.70 351
250-180 0.20 2.69 0.04 5.26 1.26
180-150 0.67 4.62 0.31 11.32 6.13
150-106 0.57 2.95 0.04 4.24 10.82
106-38 7.13 1.13 5.43 5.98 21.10
38-16 51.09 32.85 52.06 13.80 29.95
16-6 18.04 17.58 1.90 83.58 1.93
6-2 23.06 10.51 1.55 18.29 0.78
2-0 0.22 0.07 0.01 0.11 0.00

NA: not available



46 90

(
/
S5 S4 S3 s2 s1
(Fe)(%) 46 3.7 45 3.9 3.0
(Mn) 3319.6 1024.4 680.6 555.9 485.1
Zn) 131.2 104.6 122.4 113.7 88.9
(Pb) 49.3 37.9 457 265 33.9
(Cu) 30.3 23.6 29.4 265 21.4
(mg/kg) (As) 2.2 27 26 15 17
(Ho) 0.3 0.3 0.2 0.2 0.4
(Fe) 48.1 59.0 79.3 50.1 733
(Mn) 14.2 12.2 9.1 5.8 7.1
(Al) 413 61.7 19.2 39.1 18.3
(mg/L) (Ca) 155 7.1 321 21.0 1141
(Mg) 8.1 75 73 8.0 27.3




4.7

sample Q G K I \% C H
No.1 +++ + ++ +++ ++ - -
No.2 ++ + ++ +++ + - -
No.3 +++ ++ ++ ++ ++ - -
No.4 +++ ++ + +++ + + -
No.5 +++ ++ ++ +++ ++ - -
No.6 +++ + ++ +++ + + -
No.7 +++ + + +++ ++ + -
No.8 +++ + + +++ ++ + -
No.9 +++ + ++ +++ ++ - -
No.10 +++ + ++ +++ ++ - -
No.11 +++ ++ - ++ ++ + -
No.12 +++ ++ + +++ ++ + -
No.13 +++ + ++ ++ + - -
No.14 +++ + ++ +++ ++ - -
No.15 ++ + + ++ ++ - ++
No.16 +++ ++ ++ +++ + - -
No.17 +++ + ++ ++ ++ - ++
No.18 +++ ++ ++ ++ ++ - -
No.19 +++ ++ ++ ++ ++ - -
No.20 ++ + ++ ++ ++ - ++
Q Quartz

G Gibbsite

K Kaolinite

I Illite

V  Vermiculite

C Clorite

M  Montmorillonite

HIV  Hydroxy Interlayer Vermiculite

- not-detectable, + <10%, ++ 10-25%, +++ 25-50%.



4.8

10° m¥yr Tonlyr Tonlyr

1988 5972 7,721,796 12820.5
1989 1021 1,320,153 2191.9
1990 970 1,254,210 2082.4
1991 981 1,268,433 2106.0
1992 964 1,246,452 2069.5
1993 406 524,958 871.6
1994 889 1,149,477 1908.5
1995 486 628,398 1043.3
1996 3476 4,494,468 7462.2
1997 77 1,004,661 1668.0
1998 1377 1,780,461 2956.1
1999 484 625,812 1039.0
2000 840 1,086,120 1803.3
2001
2002
2003

1 (y)(ug/L) (x)(mg/L)

y = 1.6603x + 16.67(R? = 0.84)

2, 89

3. 1293 kg/m® 83 , 510




4.9 €)
()90 5
S5 S4 S3 S2 S1

Fex(PO,); 1.687 0.057 0.496 1.131 1.292
CaFe(PO,) 0.839 0828  -0.167 0.943 1.224
Ca(PO,); 0550  -2235  -1.470 -0.115 0.218
CaH(PO; 0478  -1.874  -1241 -0.137 0.140
Cay(PO,);0H 0.253 1315 -0.603 0.675 0.983
Mny(PO,); 1.508 -0.121 0.316 0.948 1.084
Fe(PO,) 1138 -3008  -2453  -1480 = -1.172
AIPO, 4.364 2.348 2.689 3.477 4.117
CaHPO, -3.321 5405  -4586  -3.237 -2.744
Cau(PO(F)z 0.605 0818  -0.151 1.025 1.302
CaHAI(PO,), 1.358 0.005 0.380 1.064 1.447
Fes 0.522 0945  -0435 0.072 0.274
FeCO; 0.390 -0.767 -0.401 0.152 0.157




4.9 sy ()

()90 8
/
S5 S4 S3 s2 s1
Fe3(POy), 1.920 1.902 2.048 1.803 2.059
CaFe(PO,) 1.379 1.198 1.543 1.305 1.753
Cay(POy)2 0.138 -0.117 0.328 0.085 0.641
CayH(POq4)3 0.086 -0.126 0.241 0.039 0.501
Cas(PO,)s0H 0.899 0.662 1.077 0.852 1.367
Mny(PO,), 0.800 0.697 0.706 0.450 0.670
Fe(PO,) -0.497 -0.330 -0.420 -0.717 -0.272
AIPO, 4,753 4734 4.643 4.586 4.670
CaHPO, -4.276 -4.425 -4.167 -4.307 -3.960
Cayo(PO4)s(F)2 1.216 1.048 1.444 1.241 1.728
CaHAI(PO,), 1.386 0.033 0.407 1.164 1.520
FeS 0.901 0.989 0.934 0.513 0.707
FeCO,4 0.564 0.575 0.680 0.518 0.664
4.10 ( )
TP, ug/L , ug/cm’day
1 19.03
2 27.67 0.011
3 25.57 0.008
4 324 0.006
5 28.99 0.014 0.032
6 40.53 0.026
7 4451 0.010
8 46.43 0.013 0.049







( )
)
1 2 1 2 1 2
1 39% | 24% | 88.9% |1023%| 100% | 100% | 0.018mgkg
2 39% | 01% | 90.6% |100.4% | 100% | 100% | 0.005mgkg
3 51% | 06% | 985% |100.8% | 100% | 100% | 0.005mgkg
4 02% | 15.7% | 1105% | 94.2% | 100% | 100% | 0.043 mgkg
5 14% | 1.3% | 83.8% |110.3% | 100% | 100% | 0.013 mgkg
6 105% | 10.2% | 120% | 97.2% | 100% | 100% -
7 17% | 53% —  [1038%| 100% | 100% | 0.23mgkg
8 432% | 6.3% | 119.6% |106.9% | 100% | 100% | 3.3E-4 mg/L
9 24% | 26% | 118% |104.7% | 100% | 100% | 1.6E-5mg/L
10 146% | 35% | 124.8% | 98.7% | 100% | 100% | 7.4E-7 mg/L
11 0% | 12.4% | 161.9% |12.5.8%| 100% | 100% | 1.3E-4 mg/L
12 09% | 6.3% | 108.8% |119.9% | 100% | 100% | 8.1E-6mg/L
13 186% | 3.1% | 97% | 94.9% | 100% | 100% | 0.01 mg/L
(s
14 (F)| 19% | 98% | 932% | 953 | 100% | 100% -
15|pH - 0.5% - - 100% | 100% -
16 (ORP)| — — — — — [ 100% —
17 08% | 314% | 87.0% | 59.9% | 100% | 100% -
18 2-60% | 2-71% - - 100% | 100% -
19 (TKN) 2% | 18.6% | 92% |100.9%| 100% | 100% | 0.1734mg/kg
20 (TP) 15% 20% | 143% | 129% | 100% | 100% | 8.37mg/kg
21 (SP) 11.7% | 15% | 110% | 140% | 100% | 100% | 0.007 mg/L




90 5 14
25.9
O O O O |
(UTM)E/N__0365376/2758144 163 m
10 m( 1m)
m
| | O
O O O
| | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S1-1 25 8.49 20.6 6.8
S1-2 25 8.25 20.3 6.6
S1-3 25
S1-4 25
1. ORP ORP
2. S -1S -2......
=5: = =3 =2




90 5 14
25.9
O O O | O
(UTM)E/N__03653881/2758125 163 m
66 66 m( 1m)
m 20 m
[ | | O
O O O ]
[ | | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S2-1 70 4.06 219 6.61
S2-2 50 5.57 20.7 6.38
S2-3 45 5.44 225 6.44
S2-4 40 5.67 21.7 6.52
3. ORP ORP
4, S -1S -2......
=5: = =3 =2 =1

P.S.




90 5 14
25.9
O O | O O
(UTM)E/N__0359516/2755907 163 m
92 90 m( 1m)
B m
[ | | O
O O O ]
[ | | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S3-1 5.82 19.0 6.65
S3-2 6.40 20.0 6.83
S3-3
S3-4
5. ORP ORP
6. S -1S -2......
=5: = =3 =2 =1




90 5 14
25.9
O | O O O
(UTM)E/N__0357610/2755623 163 m
112 100 m( 1m)
B m
] O O
O O ]
[ | | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
HA-1 2.80 19.0 6.52
HA-2 221 19.0 6.44
4-3
HA-4
7. ORP ORP
8. S -1S -2.......
=5: = =3 =2




90 5 14
25.9
| O O O O
(UTM)E/N__0355895/2755968 163 m
121 100 m( 1m)
m m
O O O
O O O |
[ | | O
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S5-1 0.28 18.8 6.32
S5-2 2.72 18.9 6.50
S5-3
S5-4
9. ORP ORP
10 S -1S -2.....




90 8 28
30
O O O O |
(UTM)E/N__ 144 m
10 10 m( 1m)
__m -
| |
; = O ]
| | |
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S1-1 36 29.7 6.67 35.1 -129.1
S1-2 34
S1-3 33 29.6 6.66 24.0 -146.2
S1-4 335
11. ORP ORP
12. S -1,S -2....
=5: =4: = =2 =
3. 1




90 8 28
30
O O O O
(UTM)E/N__ 144 m
50, 51 50.5 m( 1m)
__m . m
[ | | O
; ] O [ ] [ ]
] ] ]
DO Temp | pH ORP(mv)
(cm) | (mg/L) | ()
S2-1 25 254 6.56 -57.9 -149.9
S2-2 285 54.2
S2-3 235 29.7 6.58 85.0 -160.6
S2-4 29
13. ORP ORP
14. S -1,S -2....
=4: = =2: =1




90 28
O O | O O
(UTM)E/N__ 144 m
72 72 m( 1m)
. m
| | O
) O O O ]
| | |
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S3-1 43 22.7 6.58 -67.9 -149.5
S3-2 19
S3-3 23.5 243. 1652 -40.3 -156.6
S3-4 41.5
15. ORP ORP
16. S -1,S -2....
=5: =4: = =2 =




90 8 28
30
O | O O O O
(UTM)E/N__ 144 m
93 93 m( 1m)
. m . m
[ | O
; O O O ]
| |
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
4-1 37 21.7 6.45 91.2 -87.6
A4-2 41 22.8 6.51 -70.8 -158.4
HA-3 17
-4 10
17. ORP ORP
18. -1S 2.




-10

90 8 28
30
| O O O O O
(UTM)E/N__ 144 m
125,126,127 126 m( 1m)
m m
| | O
O O O ]
| | |
DO Temp | pH ORP(mv)
(cm) (mglL) | () /
S5-2 28 21.6 6.56 -108.3 -160.4
S5-4 11
S5-5 25
S5-6 255 21.0 6.56 -72.1 -1335
S5-7 35
19. ORP ORP
20. S -1,S -2....
=5: =4: = =2




mg/kg

1A ) <4 4-9 10-60 >60 >60

<4 4-15 16-60 >60 >60
2.Cd( ) <0.05 0.05-0.39 0.40-10 >10 >10
3.Cr( ) <0.10 0.10-10 11-16 >16 >40
4.Cu( ) <1 1-11 12-20 21-100 >100 >180
S.Hg( ) <0.10 0.10-0.39 0.40-20 >20 >20
6.Ni( ) <2 2-10 11-100 >100 >200
7.Pb( ) <1 1-15 16-120 >120 >200
8Zn( ) | <15 1.5-10 11-25 26-80 >80 >300

As Hg Cd Cr Cu Ni Pb Zn 01N

1mg/kg




90

As 30
10
Cd 25
Cr 175
220
Cu 120
10
Hg 5
Ni 130
1000
Pb 300
7n 1000

260
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1. ( )
(~5000 <cell / ml)

50

overturn
2.
i nvent ory
3 (pH 4 ~ 6
)

(~20 mg/ L)
1.
2.

(S-1)
(23. 91 %) (26} 18 %)
1 15




. 23

GPS




85

(2000)




1. cycle

2. WASP

4. WASP

event

event

loading

CE-QUAL-W2)

( WASP

50-80




3p57 43

3000 mg/kg

)

mg/kg

3.5l

5.0.47 4.4

6.p.32 0.013~0.014




overturn

2.GRB
GRB




