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Abstract : For two agricultural reservoirs that are rented for fishing spots, benthic nutrient fluxes experiment were performed two
times with two sediments from fishing-effective zone and one sediment from fishing-ineffective zone using laboratory core
incubation in oxic and anoxic conditions. During benthic nutrient fluxes experiment, the changes in DO, EC, pH, and ORP in
the supernatant were not significantly different between fishing-effective zone and fishing-ineffective zone, and were similar to the
sediment-hypolimnetic diffused boundary layer in agricultural reservoir. Except for NO5-N, more benthic nutrient fluxes of NH;'-N,
T-P, and PO,”-P from sediment to hypolimnetic was measured in anoxic than in oxic conditions (p<0.05). As the DO concentration
in hypolimnetic decreases, the microorganism-mediated ammonification is promoted, the nitrification is suppressed, and finally the
NH,'-N diffuses out from sediment to hypolimnetic. Also, the diffusion of T-P and PO,"-P from sediments to hypolimnetic is
accelerated through the dissociation of the phosphorus bound to both organic matters and metal hydroxides. The difference in the
benthic nutrient diffusive fluxes between fishing-effective zone and fishing-ineffective zone was not statistically significant
(p>0.05). Therefore, it was found that fishing activities did not increase the benthic nutrient diffusive fluxes to a statistically
significant level. Due to the short fishing activities of 10 years and the rate-limited diffusion of the laboratory core incubation, the
contribution of fishing activities on sediment pollution is estimated to be low. No significant correlation was found between the
total amount of nutrients in sediment and the benthic nutrient diffusive fluxes in both aerobic and anaerobic conditions. Therefore,
nutrients input from various nonpoint sources of watersheds are considered to be a more dominant factor rather than fishing
activities in water quality deterioration, and both aeration and water circulation in hypolimnetic were required to suppress the
anoxic environment in agricultural reservoirs.

Key Words : Fishing Spots, Agricultural Reservoir, Nutrients, Benthic Nutrient Diffusive Fluxes, Laboratory Core Incubation,
Sediments, Diffusion
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Fig. 1. Pictorial views of locations for both agricultural reservoirs and sampling sites.

Table 1. Morphological and water quality characteristics of agricultural reservoirs

Agricultural ' Watershed area Full water area Effective storage . - o
reSeIVOir Established year (ha) (ha) (x10° m?) Water quality grade Fishing activities

J reservoir 1954 2,066 28 706 \ 2006~

K reservoir 1945 285 19 522 Vi 2006 ~
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Table 2. Physico-chemical properties of sediment sampling sites

Effective zone for fishing Ineffective
J Reservoir activities zone
Ji1 J1.2 J2.1 J2.2 J3.1 J38.2

Water depth (m) 27 25 32 30 16 35
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Water depth (m) 19 23 27 17 16 21
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226 228 238 219

Bottom water dissol-
ved oxygen (mg/L)

pH 780 739 798 724 794 762

043 112 081 089 032 131

Table 3. Soil texture and chemical contents of sediments
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Fig. 2. Schematic diagram and pictorial view of benthic nutrient
fluxes experiment using laboratory core incubation method,
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Fig. 5. Concentration changes of nutrients in the aqueous phase with the elapsed time (using J reservoir sediment #3 outside the

effective zone of fishing activities).
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Fig. 6. Comparison of benthic nutrients fluxes between effective zone and ineffective zone (using J reservoir sediment).

Fig. 7. Comparison of benthic nutrients fluxes between effective zone and ineffective zone (using K reservoir sediment).
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Table 4. Summary of benthic nutrient fluxes of sediments

Site Fishing Condition

Benthic nutrient fluxes (mg/mz/d)

activities NHs-N  NOsN T-P PO, *-P

e Oxic 2141 1231 -072 0.24
- Anoxic 269 159 38 3.60
192 Oxic -8.60 166 -048 -024
- Effective  Anoxic 3.36 -17.0 0.78 220
o 1 zones Oxic -125 365 -120 -220
- Anoxic 576 298 072 197
2 9 Oxic -61.4 334 0.48 -1.68
- Anoxic 291 86 1.48 1.44
Oxic -1769 1198 530 16

— Ineffective  Anoxic 6.50 154 10.7 246
zones Oxic -19.2 6.48 0.24 -0.24

J3.2 Anoxic 10.1 -199 472 024
K1 1 Oxic -20.4 350 -144 -360
- Anoxic 158 17.0 6.01 3.36
K1 9 Oxic 264 60,5 1.36 1,60
T Effective  Anoxic 134 106 456 456
Ko 1 zones Oxic 1.68 58.3 2388 164
- Anoxic 12.0 1.20 480 216
Ko 9 Oxic 274 120 -072 -480
- Anoxic 629 -154 252 3.02
K3 1 Oxic -2.64 490 -8360 -576
~  Ineffective Anoxic 266 -576 3.36 238
K3 2 zones Oxic -3.6 391 1.02 -1.06
- Anoxic 132 2567 320 2388

Table 5. Statistical

HAEge e S AAA Y =elekety kR
AEsts 7ol o d3Fs e Aor dekE o], nf- o}
FF W9e) g&Fo] A=t

0.03~0.43 mg/m*/d,” jsfAsx| o)A F7] W FAL 270
A Zkz7F -3.2~0.1, -4.6~3.7 mg/m*/d'"9] &R = hh
T & &7l SA=EUOY, TEAFAY 8.30~58.9
mg/m’/d'?H e B gro] S glek yhell, ik Q]
B9, FE o1 HAEY] 57] 27014 -5.0~26.3 mgm/d”
2235 B&ols 57 A A 0.63~1.49 mg/m¥/d, FAkx
ZA A 036~3.74 mgm’/d*? S3} §ARF £&Fom B
9o}, TE5A42%]2] 10.7~20.7 mg/m*/d'?9} u]= EPAo]
A AAGE e dE AeA] FARES 4 <l 7] £E7
34~96 mg/m’/d*® tju] v|mA Yo Aoz %
A JFH v g YT EEFS vl
A, FE 15 HGFd 159 FFEF &=
OFS 3 SYHEE T-tests AASTh SAZE
SPSS (ver. 22.0)2 o]-&3lo] ZHREE T-testES Z3Ys}
o, ‘AFE 15 G 159 IFETF SEF
TATHCR O3t 423 (0 =0.05)04] ThEA] o
F7HA(Ho: Paonet = Paone2) S 2 3 AF7HE A5 S
stoict HSAd % 159 v9Fd 15 W Y
obA HA(NH,-N), AR AA(NO5-N), Z<¢I(T-P), ¢!

xR o o
X oro fo 2 o

> re
>

results of t-test of benthic nutrient fluxes between effective zone and ineffective zone (using J reservoir sediment)

Oxic

Levene's test for
equality of variances

t-test for equality of means

95% Confidence interval

F Sig t o Sig. Mean  Std. error of the difference
' (2-tailed)  difference  difference
Lower Upper
NH Equal variances assumed 051 833 275 4 797 239 86.9 2173 2651
! Equal variances not assumed 259 1.80 822 239 924 -4185 466.3
NO Equal variances assumed 149 719 -478 4 658 -28.9 60.6 -197 4 1394
¢ Equal variances not assumed -442 1.73 708 -28.9 65.6 -357 1 2991
- Equal variances assumed 389 003 -1.98 4 118 -3.25 1.63 -7.79 1.29
Equal variances not assumed -1.27 1,04 418 -3.25 255 -329 264
PO Equal variances assumed 4217 000 -1.79 4 147 -6.15 343 -15.6 337
! Equal variances not assumed -1.13 1.02 458 -6.15 545 -718 595
Levene's test for .
) . t-test for equality of means
equality of variances
Anoxic ) 95% Confidence interval
F Sig t df Sig. Mean  Std. error of the difference
' (2-tailed)  difference  difference
Lower Upper
NH Equal variances assumed 134 311 929 4 406 19.0 205 -37.8 759
¢ Equal variances not assumed 1.22 397 290 19.0 156 24 4 625
NO Equal variances assumed 439 104 653 4 549 342 523 -111.0 1794
¢ Equal variances not assumed 890 397 424 342 38.4 -728 1412
- Equal variances assumed 1832 000 -1.43 4 226 -8.01 561 -23.6 7.56
Equal variances not assumed -.889 1.01 536 -8.01 9.02 -119.2 103.2
PO Equal variances assumed 421 552 1.29 4 264 1.15 .888 -1.31 3.61
! Equal variances not assumed 113 154 404 1.15 1.02 474 7.05
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Table 6. Statistical results of t-test of benthic nutrient fluxes between effective zone and ineffective zone (using K reservoir sediment)

Levene's test for
equality of variances

t-test for equality of means

Oxic ) 95% Confidence interval
F Sig. t 3'9- .Mean Std_ error of the difference
(2-tailed)  difference  difference
Lower Upper
NH, Equal variances assumed 33.6 004 -674 537 -7.75 115 -39.6 242
Equal variances not assumed -1.01 3,02 386 -7.75 7,67 -32.1 16.6
NOs Equal variances assumed 401 561 118 321 248 219 -36.1 856
Equal variances not assumed 985 155 453 248 251 -120.2 169.8
- Equal variances assumed 628 A72 996 376 231 232 -413 875
Equal variances not assumed 883 1.60 490 231 261 -12.1 16.7
PO Equal variances assumed .000 1.00 423 694 1.56 3.68 -8.67 118
Equal variances not assumed 393 1.76 737 1.56 3.96 -179 211
Levene's test for .
equality of variances t-test for equality of means
Anoxic ) 95% Confidence interval
F Sig. t 3'9- .Mean Std, error of the difference
(2-tailed)  difference  difference
Lower Upper
NH Equal variances assumed 1.59 275 324 762 6.12 189 -46 4 587
Equal variances not assumed 437 3.99 685 6.12 140 -32.8 451
NOs Equal variances assumed 24 4 008 -.329 758 -8.30 252 -782 616
Equal variances not assumed -218 1.07 861 -8.30 38.0 -421.0 404 4
- Equal variances assumed 1.738 258 1.09 334 1.19 1.08 -1.82 420
Equal variances not assumed 164 3.07 198 1.19 727 -1.09 347
PO Equal variances assumed 926 390 847 445 645 761 -1.47 276
Equal variances not assumed 1.16 3.95 312 645 556 -.908 219
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Table 7. Correlation matrix among benthic nutrient fluxes and total nutrient contents of J and K reservoirs

Total NH," NH,* NOg NOg Total T-P T-P PO,% PO,%
Nitrogen  Aerobic Anoxic Aerobic Anoxic ~ Phosphorus  Aerobic Anoxic Aerobic Anoxic
(mg/kg) (mg/m’/d) (mg/m?/d) (mg/m’/d) (mg/mP/d)  (mg/kg)  (mg/mP/d) (mg/m’/d) (mg/mP/d) (mg/m%/d)
Total Nitrogen 1
(mg/kg)
NH4" Aerobic
0374 1
(mg/m?/d) :
NH;" Anoxic
0390  -0036 1
(mg/m?/d) : :
NOs" Aerobic
0231  -0819~  -0.094 1
NO3™ Anoxic
0065  -0546  -0053 0644 1
(mg/m’/c) ' ' ' '
TOIPhOSPNONS ¢ geee gaa L9408 0225 0061 1
(mg/kg)
T-PAeObic a7 o078 0183 0450 0374 0423 1
(mg/m°/d)
TPANOXC 694 0003 -0156 0271 0412 0.060 0.638* 1
(mg/m?/d)
3- .
POSAerobic a1y 0og7 0434 0668° 0398 0.382 0.791* 0372 1
(mg/m?/d)
3- .
POSANOXC 500 9199 0234 0201 0.665* 0,302 0,012 0.149 0.050 1
(mg/m?®/d)
*Correlation is significant at the 0,05 level (2-tailed), **Correlation is significant at the 0,01 level (2-tailed).
ue} dmEsh Aiksh @A) ¢le] B, A, &zt 5 Zpol7t S A5l Fa £ ot ~Eed 7]
2 gz} 50 7|zho] A E ) waka] o]t theFstal A TE Ao 3 Aoz ok
3 f7132 712 B 9YEF EFe] AFFHERE o
£33 YFAF FHol =2 HHEANA T dFAFIH
FEEL AL opd Aow AL AA|, HAE o 4. 2 E
T ZAMME YAE GEgEEG A4A] AREHD) A N
oA G T;\; P 'i;o] o1 u ;Poﬂ 2Ap A7)0 B Ao WAEHZ Y] ddiS5d 5HE AA] 2
Zaga = ;g]-]:on . LHET e XS Ao R FAE G (effective zone) 2292 EF]
]IJrijJr E;r E;tﬂ ° °?;}1}/\E}Mri}’o]o oro = b B3} vk J(meffectlve zone) 1242 EHEL F7)
Slxa E AN = O A -
oL- lL];iﬁE joo ? 90} i};ﬂ ks E;]O T (oxic)9F FAFA(anoxic) 2ALS 2AT AwlAl To]ujoky
ZA3} B3] o A+ FupSEA o, o]k 4 . N
A B35 =2 H(+He A 8= el o, o] (laboratory core incubation)S 0] 83| ke £ S
EAE Yol A} olo] Aejzoz ZA L] ¢k A 2518 A A5kt
o} 9lo] FAlo] EAHE U l_%ﬁ%‘% oju| gt} 35:7_1521 92 A%EQl AHS2 1] DO, EC, pH, ORPS] M5l 1
°ﬂ/j 03}3‘40}*5] é_‘iOEI L= -é_‘*&*é Ao %§%01 AE 7k} v GaETL7E Abo]o] S-olstulet Zpol T
== T(')QJ ABAAE dEbE, 7] 204 ZAs & 257 oJ—o]—ou:Kp>0 05), AL HLA 9 EHAEAZS
for YoM HAie AeolA HAER fdE SAAA W SAVeF A0 s 2AETh JopdE 9=
A das HAEA sz 5 vt A A% E9, DO Z7|E T7|(acration)dt AL 2447k o]
A o]t} ] ) o Yo 4 mg-DO/L o4& FXet¥ o, AAgE £ H9
HlE B oo AgA Y 3o _H FA ol A El'(iohﬂ' % 1 mg-DO/L mjuto & 9z E|glon, AR Abejol §4 4]
B2 T F&a 2 5= IR 47:‘{1} FrAFHA A 2220] DO W $lol 0.79~1.63 mg-DO/Le} GAFsHm, pHet
A7t St wASAe Y, AA - E H &Y ORpgq sl wha)d 2 A8E o], pH7} 27130 Wk ORP
Y3 L SOz HAE wgo] FUd Y& AA9 L 7taste] YA E Yetls AdHel d7]3E @
=24 JdAet vdE Y gere AEth A § 0] B4 et A AANOs-N)E A9kl
L mApE 4 glYlon, Fof wjYAH L {rlEoIL Jtd oFrUjolA] AL(NH,'-N), ZQI(T-P), o14kd (PO, -P)o]
o o] A&EA b= @A (close system)o] 7] wiE 7] Hrbe RAR 2AMA BAEHoR foFt £&
of A&Hog §rl=T JUAFTIT FHE= DA (open (p<0.05)0.2 E|ZHEo|A AHSS5Z o we §&TFo] 24
system) Q] E|AE-AFoM ] &5 &= A HAth o] A5 Ul DO = Zrho] wel ujE w7y
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