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Abstract: This study assessed biological water quality using epilithic diatoms in the Yeong river,
Naeseong stream and Wi stream in the upper region of the Nakdong river from May to October
2016. Epilithic diatoms were not mobile, so they could reflect long-term water quality. The sampled
epilithic diatoms were identified a total 158 taxa which were composed to 2 orders, 3 suborders, 8
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families, 34 genera, 143 species and 15 varieties. Dominant species were Achnanthes convergens and
Achnanthes minutissima at Yeong river, Nitzschia inconspicua at Naeseong stream, and Achnanthes
minutissima, Cocconeis placentula var. lineata and Navicula minima at Wi stream. As a result of the
CCA, Electrical conductivity, total nitrogen and total phosphorus were important factors
determining the diatom species composition in the upper region of the Nakdong river. The
correlation between diatom indices (DAIpo & TDI) measured to be high in the correlation coefficient
(0.87) from the result of correlation analysis. In the result of the assessment of biological water quality
using DAIpo and TDI, Yeong river was rated as class A at most sites. Naeseong stream was rated
as class C to D at all sites except for N1 which was rated as Class A. Wi stream was rated as class B
to C for DAIpo of W1, and TDI was rated as class D. The assessment of biological water quality at
this site showed inferior TDI result compared to that of DAIpo. DAIpo and TDI of W2 were rated
as class A to D, and the water quality has changed a lot. W3 and W4 were mostly rated as class B
and C respectively.

Key words: Epilithic diatom, DAIpo, TDI, Nakdong river, Assessment of biological water quality
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Figure 1. A map showing the sampling sites at Yeong

river, Naeseong stream and Wi stream located
in the upper region of the Nakdong river from
May to October 2016
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Table 1. Environmental factors at Yeong river, Naeseong stream and Wi stream from May to October 2016

Date Site W.T o DO Tur. Con. TN TP
(0 (mg L") (NTU) (pSem-) | (mgL') (mg L)

Y1 20.50 7.32 10.30 0.09 83.00 1.807 0.008
Y2 24.00 7.80 9.70 1.60 240.00 2.567 0.015
Y3 20.00 7.98 10.83 0.65 175.50 3.138 0.027
Y4 25.00 8.42 10.10 0.64 306.00 1.939 0.014
N1 16.70 6.94 6.51 0.11 70.20 1.461 0.016
N2 20.60 7.46 8.88 5.55 193.00 3.127 0.036
N3 23.50 7.01 6.78 1.56 259.00 2.267 0.021

May 2016
N4 2430 7.69 7.68 2.75 195.60 2.635 0.022
N5 25.80 6.87 7.70 0.30 347.00 2.618 0.030
N6 25.80 8.36 8.14 1.75 255.00 2.576 0.018
Wi 16.40 7.56 5.85 1.76 164.50 3.337 0.045
w2 27.10 833 13.43 1.50 364.00 2.027 0.021
W3 26.90 8.11 10.35 1.10 444.00 1.009 0.018
W4 27.20 6.67 9.45 291 389.00 1.267 0.016
Y1 25.60 7.20 5.13 0.00 89.60 2.522 0.012
Y2 21.60 8.04 6.34 0.00 267.00 3.331 0.008
Y3 23.60 7.20 7.10 4.81 205.00 3.622 0.036
Y4 29.10 7.90 6.74 1.48 329.00 1.973 0.016
N1 17.80 7.27 6.91 0.82 51.00 1.352 0.015
N2 25.50 7.39 7.27 3.04 282.00 4.646 0.108

Aug. 2016 N3 26.00 6.76 7.19 10.98 241.00 3.021 0.057
N4 27.40 7.64 452 8.19 182.00 3319 0.050
N5 29.50 7.84 6.00 10.77 249.00 3.290 0.054
N6 30.00 8.37 6.85 747 149.40 3415 0.058
Wi 24.40 7.37 6.69 27.50 139.00 3.773 0.175
w2 31.30 742 741 325 359.00 2.156 0.021
W3 30.50 743 9.38 1.48 448.00 1.225 0.018
w4 31.00 6.55 7.66 4.19 408.00 0.895 0.019
Y1 17.10 7.29 7.35 0.00 96.10 2.750 0.010
Y2 17.70 8.71 11.10 0.00 105.10 2.866 0.017
Y3 17.80 7.70 8.92 0.00 181.90 2.282 0.011
Y4 20.40 8.18 10.12 0.00 334.00 2.248 0.009
N1 16.80 741 8.84 0.00 75.60 1.126 0.023
N2 16.40 7.25 9.87 0.00 268.00 3.498 0.021

Oct. 2016 N3 18.20 7.32 9.94 2.69 286.00 2.678 0.107
N4 16.20 7.04 9.65 0.00 230.00 3.103 0.023
NS5 17.20 8.10 11.72 1.34 380.00 3.047 0.039
N6 17.40 8.42 12.43 0.00 380.00 3.180 0.050
Wi 15.40 743 9.25 3.83 128.00 1.960 0.034
w2 19.40 7.68 10.33 2.14 344.00 4.203 0.018
W3 19.40 7.87 10.04 1.72 411.00 3.860 0.023
W4 19.60 7.72 9.30 497 320.00 3.276 0.027
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Table 2. Seasonal changes of dominant and subdominant species at Yeong river, Naeseong stream and Wi stream from

May to October 2016
Date Site Dominant species (%) Subdominant species (%)
Y1 Achnanthes minutissima (28.90) Cocconeis placentula var. lineata (19.44)
Y2 Achnanthes convergens (71.57) Achnanthes minutissima (10.64)
Y3 Achnanthes alteragracillima (39.09) Achnanthes minutissima (36.91)
Y4 Achnanthes convergens (77.61)
N1 Achnanthes convergens (35.93) Cocconeis placentula var. lineata (31.50)
N2 Gomphonema minutum (29.50) Nitzschia fonticola (18.12)
May N3 Achnanthes convergens (18.58) Fragilaria elliptica (18.41)
2016 N4 Nitzschia inconspicua (17.82) Navicula minima (16.29)
N5 Nitzschia inconspicua (50.92)
N6 Nitzschia inconspicua (87.57)
Wi Navicula minima (27.45) Achnanthes subhudsonis (22.09)
W2 Achnanthes minutissima (77.50)
W3 Cocconeis placentula var. lineata (49.49) Navicula minima (10.10)
W4 Achnanthes minutissima (38.20) Fragilaria construens var. venter (30.60)
Y1 Achnanthes minutissima (52.84)
Y2 Achnanthes convergens (64.85) Achnanthes minutissima (16.27)
Y3 Achnanthes minutissima (58.78) Achnanthes alteragracillima (11.61)
Y4 Achnanthes convergens (52.17) Achnanthes minutissima (28.94)
N1 Achnanthes minutissima (45.88) Achnanthes convergens (27.88)
N2 Navicula subminuscula (41.67) Navicula atomus (20.64 )
Aug. N3 Navicula atomus (39.14) Navicula subminuscula (33.71)
2016 N4 Nitzschia palea (22.08) Navicula subminuscula (20.36 )
N5 Nitzschia inconspicua (75.63)
N6 Nitzschia inconspicua (79.09)
W1 Navicula minima (20.41) Reimeria sinuata (13.38)
W2 Achnanthes minutissima (49.15) Navicula minima (12.09)
W3 Achnanthes minutissima (28.87) Cocconeis placentula var. lineata (16.7)
W4 Fragilaria elliptica (31.83) Fragilaria pinnata (16.82)
Y1 Achnanthes minutissima (45.84) Gomphonema pumilum (10.79)
Y2 Achnanthes minutissima (49.61)
Y3 Gomphonema clevei (28.70) Achnanthes minutissima (17.37)
Y4 Fragilaria pinnata (29.17) Achnanthes minutissima (25.74)
N1 Achnanthes convergens (70.42) Cocconeis placentula var. lineata (12.92)
N2 Gomphonema clevei (23.15) Navicula minima (19.92)
Oct. N3 Navicula minima (25.73) Nitzschia inconspicua (22.35)
2016 N4 Navicula minima (42.05)
N5 Nitzschia inconspicua (63.87) Navicula perminuta (12.89)
N6 Nitzschia inconspicua (43.73) Navicula minima (15.97)
Wi Reimeria sinuata (22.09) Navicula atomus (19.05)
w2 Navicula minima (29.16) Fragilaria elliptica (20.93)
W3 Cocconeis placentula var. lineata (20.00) Navicula minima (16.00)
W4 Fragilaria elliptica (37.73) Achnanthes minutissima (13.43)
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Figure 3. Canonical correspondence analysis (CCA)

ordination of the two axes showing the scores for
the species and the environmental factors at
Yeong river, Naeseong stream and Wi stream
from May to October 2016(Aa: Achnanthes
alteragracillima, Ac: Achnanthes convergens, Ad:
Achnanthes delicatula, Ae: Achnanthes exigua,
Ai: Achnanthes clevei, Al: Achnanthes lanceolata,
Am: Achnanthes minutissima, Ar. Achnanthes
laterostrata, As: Achnanthes subhudsonis, At:
Achnanthes atomus, Au: Amphora pediculus, Cc:
Cymbella cymbiformis, Cg: Cymbella turgidula,
Ci: Cymbella silesiaca, Cm: Cymbella minuta, Cp:
Cocconeis pediculus, Cpe: Cocconeis placentula
var. euglypta, Cpl: Cocconeis placentula var.
lineata, Cy: Cyclotella pseudostelligera, Fb:
Fragilaria construens var. binodis, Fc: Fragilaria
construens, Fe: Fragilaria elliptica, Fm: Fragilaria
construens var. mesolepta, Fp: Fragilaria pinnata,
Fv:  Fragilaria construens var. venter, Ga:
Gomphonema angustum, Gc. Gomphonema
clevei, Gm: Gomphonema minutum, Gp:
Gomphonema parvulum, Gu: Gomphonema
pumilum, Ha: Hannaea arcus var. subarcus, Mv:
Melosira varians, Na: Navicula atomus, Nc:
Navicula cincta, Nd: Navicula decussis, Ne:
Navicula perminuta, Ng: Navicula gregaria, Nh:
Navicula amphiceropsis, Nm: Navicula minima,
Np: Navicula pupula, Ns: Navicula seminulum,
Nu: Navicula subminuscula, Ra: Rhoicosphenia
abbreviata, Rs: Reimeria sinuate, Nia: Nitzschia
amphibia, Nif: Nitzschia fonticola, Nii: Nitzschia
inconspicua, Nil: Nitzschia paleacea, Nip:
Nitzschia palea, Nir: Nitzschia frustulum, Nit:
Nitzschia tabellaria)

iw
W

Elstch(Figure 3).

o] Q2lE9) th5to] Achnanthes alteragracillima,
Achnanthes convergens, Cocconeis placentula
var. lineata, Gomphonema clevei ¢+ Hannaea
arcus var, sbhuarcus 5= (—)] BAE HI 2
Watanabe £ 2] Aj EH:rL 7] Z (Watanabe et al.
2005)0] wt2H djfi SALAE S0l 59
Fragilaria e]hptwa@r Navicula amphiceropsis &
& A7AEE (4)¢] ﬂrﬁl~ S=tll, Fragilaria
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s}, Navicula amphiceropsiss A8 5271 =
A prog i W Y gst oA AS3eHLee
2012). Navicula atomus, Navicula seminulum,
Navicula subminuscula®?} Nitzschia inconspicua
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Table 3. Seasonal changes of DAIpo and TDI at Yeong river, Naeseong stream and Wi stream from May to October 2016

Site \Yl\Y2\Y3\Y4\N1\N2\N3\N4\N5\N6\W1\W2\W3\W4
May
DAlpo 88.24 | 9538 | 76.17 | 91.00 | 95.72 | 59.27 | 5849 | 58.47 | 53.93 [ 51.53 | 57.21 | 95.45 | 72.98 | 48.06
DAlpoclass| A A B A A C C C C C C A B C
TDI 3536 | 2745 | 29.75 | 27.91 | 38.07 | 74.02 | 6538 | 72.19 | 80.17 | 94.30 | 7331 | 33.19 | 52.53 | 37.21
TDI class A A A A A D C D D D D A B A
Aug.
DAlpo 93.82 | 96.56 | 87.66 | 92.32 [ 91.90 | 28.13 | 30.64 | 32.58 | 50.17 | 47.18 | 59.93 | 74.03 | 71.70 | 46.15
DAlpoclass| A A A A A D D D C C C B B C
TDI 3530 | 27.40 | 33.30 | 28.50 | 31.10 | 93.30 | 94.70 | 86.00 | 91.80 | 93.90 | 79.70 | 46.80 | 52.40 | 61.40
TDI class A A A A A D D D D D D B B C
Oct.
DAlpo 95.28 | 86.82 | 83.39 | 49.84 | 93.13 | 52.83 | 42.49 | 35.74 | 48.73 | 4349 | 7421 | 3542 | 67.45 | 50.79
DAlpoclass| A A B C A C C D C C B D B C
TDI 3340 | 29.20 | 43.80 | 48.60 | 3030 | 77.50 | 81.30 | 82.90 | 91.30 | 86.10 | 70.10 | 76.10 | 58.70 | 59.30
TDI class A A B B A D D D D D D D C C
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Table 4. Correlation coefficients among epilithic diatom indices (DAlpo, TDI) and environmental factors at Yeong river,
Naeseong stream and Wi stream from May to October 2016

. DO Tur. Con. TN TP .
WICO | PH gLy | (NTU) | @Som-1) | (mgl) | (mgLy | 0T | DA
WT(°C) 1 0.04 -0.31* 0.32% 0.41%* 0.18 0.08 0.07 0.11
pH 1 0.42%* 0.14 0.12 0.20 0.09 0.07 0.16
DO(mg L) 1 -0.34* 0.39%* 0.10 0.18 0.12 0.02
Tur. (NTU) 1 0.11 0.32%* 0.77%* -0.41%* -0.32%
Con.(uS cm™) 1 0.05 0.07 0.19 -0.36*
TN(mg L") 1 0.47%%* -0.49%** -0.44%*
TP(mg L) 1 0.54%* | -0.44%*
TDI! 1 0.87%*
DAlpo 1
1: TDI(100-X)
*: p<0.01, **: p<0.05, n=42
100 1 1
¢ ¢ L A
80 1 § ®
l s ¢ B
o 60 1
=
= ¢ l I ¢ 3 s|C
40 J_ 1 =
20 1 D
0

YL Y2 Y3 YA N1 N2 N3 N4 N5 N6 W1 W2 W3 w4

100 1 1
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20 |
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Figure 4. DAIpo and TDI at Yeong river, Naeseong stream and Wi stream from May to October 2016
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