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Biological Water Quality Assessment of Joyang-river Located at the Upper Region of North
Han-river Using DAIpo and TDI. Kim, Hun-nyun, Hea-Kyung Park", Sang-Jung Park' and Ok-
min Lee* (Department of Life Science, College of Natural Science, Kyonggi University,
Suwon 443-760, Korea; 'Water Environment Research Department, The National Institute of
Environmental Research, Incheon 404-170, Korea)

A biological assessment of water quality was made at 9 sites of the Joyang-river and
inflow streams located in Jeongseon-gun Gangwon-do, from June 2008 to September
2010. The investigation consisted of physico-chemical factors, biomass, and standing
crops of epilithic diatoms. In addition, the community structure of epilithic diatoms
was analyzed, and the water quality was assessed using DAIpo and TDI. The pH
varied from 7.4~10.2 which is attributed to the Joyang-river area consisting of
limestone. A total of 117 taxonomic groups of epilithic diatoms, including: 2 orders, 6
families, 23 genera, 95 species, 15 varieties, 2 forms, and 5 unidentified species, were
found in the Joyang-river. 11 taxa, including Achnanthes laterostrata and Cymbella
delicatula which live in neutral to alkali pH, were found. An indicator species of
alkali waters, Cymbella delicatula, was routinely observed to have a relative frequ-
ency of over 10% in 13 and 14. In the result of the biological assessment using DAIpo,
the Joyang-river was rated class A, with an average of 77.03 and inflow streams were
rated class B with an average of 65.84. As for the results of TDI analysis, the Joyang-
river was rated class A~ B, and inflow streams were rated class A~ D. Accordingly,
the water quality of the Joyang-river was determined to be superior to that of inflow
streams. Although the main stream showed low water quality at sites J2 and J3, cor-
relating with a reduction in the quality of inflow stream, 11 in September 2009.
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Fig. 1. Map showing the 9 sampling sites of the Joyang-
river and inflow streams from Jun. 2008 to Sep.
2010.
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Table 1. Physico-chemical properties determined at 9 sampling sites of the Joyang-river and inflow streams from Jun.

2008 to Sep. 2010.

Date Site WT pH DO Cond. Turb. Chl-a AFDM BOD T-N T-P
(0 (mgL™) (@Sem™) (NTU) (ugem™®) (mgem?) (mgL*) (mgL™") (ugL™)

J1 276 93 11.8 197.1 2.6 16.8 4.2 0.6 1.724 15

11 245 91 8.2 178.0 4.1 3.3 0.8 0.4 1.791 11

J2 255 91 9.2 188.0 13.4 9.7 25 11 1.606 26

12 257 9.1 8.9 106.5 17.2 3.2 2.0 1.0 2.330 69

Jun. 2008 J3 290 94 10.0 166.2 14.4 1.6 0.7 0.7 2.188 59
13 216 83 8.5 311.4 0.5 2.7 11 - - -

14 252 89 12.4 287.8 13 90.8 12.5 0.3 2.567 2

J4 269 94 10.4 184.4 10.3 16.0 3.2 0.8 2.140 41

J5 252 95 111 217.9 7.0 21 0.6 1.8 1.466 16

Ji 23.8 97 16.2 176.0 0.7 51.0 9.0 0.5 1.965 16

11 225 96 12.1 155.5 17 9.6 12 0.7 2.700 40

J2 225 97 10.6 154.8 15 9.0 2.0 0.7 2.279 24

12 234 10.0 12.8 132.0 15 3.8 11 0.6 2.866 30

Sep. 2008 J3 218 94 12.8 154.4 1.8 30.2 2.3 0.7 2.596 49
13 201 838 11.2 272.8 0.4 10.1 2.3 - - -

14 204 838 13.2 302.0 11 6.8 4.3 0.4 3.035 8

J4 227 93 15.8 214.3 1.2 17.2 4.1 0.7 2.615 16

J5 227 93 12.9 174.3 1.4 9.3 19 0.9 2.202 67

J1 144 93 5.7 146.0 2.7 10.1 17 0.9 2.486 09

11 16.3 94 10.9 191.0 2.1 15.7 3.2 0.7 3.798 17

J2 139 93 5.6 169.8 2.2 12.9 3.1 0.7 2.326 12

12 150 938 6.4 113.8 3.1 5.7 13 0.7 2.535 30

Apr. 2009 J3 184 10.1 9.3 162.0 4.2 12.6 2.9 0.4 4.560 17
13 159 93 6.8 282.4 0.9 35 15 - - -

14 170 9.2 7.8 333.0 2.1 4.1 15 0.3 3.188 13

J4 181 9.8 8.3 192.1 1.9 7.9 3.1 1.0 2.860 11

J5 170 9.7 7.9 186.5 1.8 5.6 1.8 0.6 2.592 16

Ji 234 93 8.1 211.3 0.5 4.7 2.0 0.7 2.979 14

11 226 938 6.2 142.8 0.7 10.8 2.0 0.4 2.396 21

J2 214 93 6.2 197.1 0.6 21.6 2.4 0.9 2.331 16

12 239 10.2 8.4 156.5 0.4 9.8 2.8 0.8 3.518 17

Sep. 2009 J3 235 95 7.2 184.8 15 5.4 1.7 0.4 2.999 40
13 219 89 7.5 274.5 0.4 2.8 1.6 - - -

14 236 89 8.0 310.0 1.1 3.1 15 0.4 3.101 23

J4 261 93 10.4 215.2 0.8 9.9 2.2 0.8 3.995 60

J5 239 9.2 8.1 211.9 0.7 13 0.7 0.4 2.730 15

J1 211 83 12.8 186.8 15 9.5 51 0.4 2.646 20

11 19.0 84 11.9 110.9 2.8 1.9 0.8 1.2 2.399 53

J2 164 79 9.4 129.4 2.1 0.7 0.4 1.2 1.612 15

12 189 84 12.3 91.0 2.9 5.0 1.6 0.8 1.820 17

May 2010 J3 165 8.6 11.2 133.1 3.9 51 2.0 0.5 2.522 19
13 200 79 10.6 286.6 0.4 3.0 12 - - -

14 16,6 8.1 12.1 310.0 1.9 5.3 4.2 0.3 3.418 13

J4 17.3 8.6 12.2 226.0 2.2 4.0 2.0 0.4 2.828 13

J5 20.2 85 13.1 166.5 2.3 1.7 0.8 0.6 2.267 13

J1 16.2 7.5 13.0 204.2 1.7 0.7 0.8 0.3 2.778 20

11 145 7.3 13.0 108.5 318 1.7 0.6 0.3 2.515 46

J2 124 75 11.8 155.5 15.1 1.0 0.7 0.7 2.574 76

12 150 75 14.5 143.9 0.8 25 0.7 0.4 2.950 43

Sep. 2010 J3 152 74 12.2 160.0 10.9 1.6 1.0 0.4 2.299 29
13 129 7.6 11.6 314.0 0.2 0.1 0.4 - - -

14 134 7.6 12.3 340.0 0.6 0.1 0.3 0.4 4.188 11

J4 146 7.6 14.7 259.0 4.9 3.0 11 0.6 2.385 29

J5 154 74 12.4 185.1 7.3 0.4 0.5 0.4 2.569 22
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Whitton, 1995)2 o]-&-3}<c}.
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Fig. 2. Chlorophyll-a (a: line), AFDM (a: bar) and Number of cells (b) at the Joyang-river and inflow streams from Jun.

2008 to Sep. 2010.
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Fig. 3. Changes of dominant class at 9 sampling sites of the Joyang-river and inflow streams from Jun. 2008 to Sep. 2010
(a: Jun. 2008, b: Sep. 2008, c: Apr. 2009, d: Sep. 2009, e: May 2010, f: Sep. 2010).
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234 95% 15W1% 2¥% 5v|5HFOR F LITERT
o] E¥ssict 20099 44 14 YA TEFLOE T}
2 A7 Z8sbga, 20089 643 20099 9%, 1]
2010 9¥ I3 AANA 28E-FToz M Hel &
3=} (Appendix).

AT 247 BRI FE FASS &2
A Gejo] RS FREos A itk 1 &
Achnanthes laterostrata, Fragilaria capucina, Synedra
acust FAFAAA Fxdh= oz dEA glow, A

lanceolata, Cocconeis placentula var. euglypta, C. pla-
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centula var. lineatax A ~ G ZA2|A] $9d] Exsl=
BHolt) =8 A. hungarica, Cymbella affinis, C. tu-
mida: 7| 4o BExspH, C. delicatula, F.
capucina var. mesoleptas A 3]A] o] EH 3} 3130 1
3= 7oz ®3¥ etk (Chung, 1993). 3t A 44
o] F¥FE e A skt 53] C. delicatulai= 24}

717 5 133 14 A A dBE 10% o] Fe] A&
WEg vehle
Watanabe et al. (2005)2] 7]Fd)| ulg} &d2S T8
3 HFHor IHPAFo| 55.70%, 5P F 0
11.58%, 28|31 FASAFo| 32.72%2 s
of AdHoz sAPAF] ol E33h= Aoz el
ek 01 e ¥ 2T sAREEE 3 9He
2 245 A7 2o1E3or, 5 Yoz 4% o
<+ B3l (Fig. 3). 2009 94| 79
sogHET} BHALAES FRUES 27 o

[
247) 3 72l o3 dorgel FAsle] ol

f

minutissima, Cocconeis placentula var. lineata, Cymbella
delicatula, C. silesiaca, Nitzschia amphibia, N. paleaZ.
7252 o)glth(Table 2). 59l J1~J5 AL 20084

Table 2. The percentages of dominant species at 9 sampling sites of the Joyang-river and inflow streams from Jun. 2008

to Sep. 2010.

Site Date Dominant species % Date Dominant species %
Ji Achnanthes convergens 50.7 Achnanthes convergens 42.0
11 Cymbella silesiaca 27.8 Nitzschia amphibia 18.8
J2 Achnanthes convergens 435 Achnanthes convergens 40.4
12 Nitzschia amphibia 29.4 Nitzschia palea 30.5
J3 Achnanthes convergens 30.7 Achnanthes convergens 35.7
13 Jun. 2008 Denticula tenuis 54.7 Sep. 2008 Nitzschia palea 30.1
14 Achnanthes co_nver_gel?s 26.1 Achnanthes convergens 47.2

Achnanthes minutissima
J4 Achnanthes convergens 46.8 Achnanthes convergens 43.3
J5 Achnanthes convergens 65.1 Achnanthes convergens 62.6
Ji Achnanthes convergens 41.0 Achnanthes minutissima 21.2
11 Achnanthes minutissima 36.6 Nitzschia palea 42.1
J2 Achnanthes convergens 31.0 Nitzschia palea 29.1
12 Nitzschia palea 35.0 Nitzschia amphibia 78.6
J3 Apr. 2009 Cymbella siles_iaca_ _ 19.0 Sep. 2009 Nitzschia amphibia 21.4
13 Achnanthes minutissima 32.4 Nitzschia palea 467
Cymbella delicatula
14 Achnanthes minutissima 47.4 Achnanthes convergens 50.9
J4 Achnanthes convergens 36.9 Achnanthes convergens 73.6
J5 Achnanthes minutissima 27.5 Nitzschia amphibia 29.8
Ji Cymbella silesiaca 26.8 Cocconeis placentula var. lineata 59.7
11 Achnanthes convergens 57.1 Nitzschia amphibia 56.2
J2 Achnanthes convergens 52.3 Nitzschia amphibia 17.0
12 Nitzschia amphibia 26.3 Nitzschia amphibia 80.7
J3 May 2010 Achnanthes minutissima 23.9 Sep. 2010 Achnanthes convergens 21.1
13 Achnanthes convergens 44.1 Achnanthes convergens 28.3
14 Achnanthes minutissima 40.8 Achnanthes convergens 35.9
J4 Achnanthes minutissima 453 Achnanthes convergens 60.3
J5 Achnanthes minutissima 37.2 Nitzschia amphibia 68.0
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o =% 3A$A E<el Achnanthes convergens”} $-A
shol o}, 2009 99l 3 2934 Z<¢l Nitzschia amphi-
biag} N. palea7} J2 AL £33 37 AANA] A8}
oIt} (Table 2). $-31Hal 11~14 A= HA= 59
A=<l Nitzschia amphlbla N. palea’} $A3l= 73k
& 230eh ok kol s we Aok AN Ko
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Atz ¥} (Table 1).

4. AEHA FAH

DAIpo&} TDIZ=
A 4= 18.20~95.03 0.2
= 31.58~98.17i, A~D %%
Environment, 2007) (Table 3).
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S el (Ministry of

7% B89l J1~J5 AL 20099 9€S AYsH =
T A~B 5Fo2 $do] gy, F43el 11~14
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A A~D Sl A vepgem, EFe w8 55
o] vHA etk AEsA 2971 A] A= TDIV}

DAlpoe] ®l8l ¥ 29 §F% vehlis 7oz By
=9l o1} (Hwang et al., 2006; Kim et al., 2009), Z2F7}t
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=
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Bo]A]uk(Kim et al., 2009), & AT A= dtFETE= &
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w7 wj#el Aoz AbgEd(Wu et al., 2012). v° A
5] el 98 S E R, 2720 anle 8 o
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ke 7z ¢k} (Aponasenkoa et al., 2010). =} 2009
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Table 3. Water quality assessment using diatom indices at 9 sampling sites of the Joyang-river and inflow streams from

Jun. 2008 to Sep. 2010.

Site Date DAIlpo TDI Date DAIlpo TDI
Ji 50.26 B 83.04 B 36.43 A 81.40 B
11 63.03 C 65.61 B 60.87 C 64.36 B
J2 37.17 A 91.67 A 41.60 B 77.93 B
12 74.76 D 66.18 B 80.05 D 43.68 C
J3 Jun. 2008 54.44 B 69.72 B Sep. 2008 64.91 C 68.08 B
13 24.26 A 68.47 B 35.12 A 57.65 C
14 24.54 A 78.82 B 34.02 A 59.90 C
J4 43.05 B 76.59 B 31.25 A 87.56 A
J5 36.42 A 88.84 A 25.00 A 88.11 A
Ji 42.52 B 81.21 B 61.49 C 60.00 B
11 44.33 B 76.87 B 80.40 D 31.58 D
J2 44.31 B 78.57 B 83.06 D 36.71 D
12 64.05 C 56.28 C 95.03 D 46.68 C
J3 Apr. 2009 52.36 B 72.18 B Sep. 2009 68.69 C 58.93 Cc
13 14.94 A 73.24 B 62.24 C 35.71 D
14 15.21 A 79.15 B 28.18 A 84.10 B
J4 29.94 A 86.95 A 29.78 A 88.29 A
J5 42.47 B 64.04 B 78.43 D 50.00 C
Ji 41.23 B 84.39 B 45.48 B 97.32 A
11 39.09 A 94.41 A 86.73 D 55.31 C
J2 45.56 B 98.17 A 73.43 D 63.40 B
12 62.53 C 75.15 B 91.45 D 55.56 C
J3 May 2010 50.89 B 79.65 B Sep. 2010 52.79 B 63.22 B
13 25.00 A 94.10 A 58.18 C 68.28 B
14 18.20 A 79.02 B 43.44 B 70.09 B
J4 34.86 A 85.33 A 30.07 A 95.53 A
J5 36.96 A 91.38 A 84.61 D 62.67 B
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