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Abstract

The present study was carried out to develop biological criteria for water quality assessment using benthic diatoms. Selecting
of the indicator diatoms, three parameters were considered: broad distribution (180 taxa occurred over 3% at upper level),
species abundance (158 taxa occurred over 1.5 x 10° cells/cm?), and sensitivity (184 taxa occurred more than once as 1st and
2nd dominant species). Overall, total 208 taxa were selected, including 38 varieties, 170 species, 34 genera, 9 families, 3
orders, and 1 phylum. The most dominant taxonomic group (family) was Naviculaceae (52%), followed by Diatomaceae
(15%), Nitzschiaceae (12%) and Achnantaceae (11%). COD and TP were proposed as new water quality standards (draft) to
improve the existing BOD standard and to manage and control efficiently non-biodegradable organic pollutants. With this
regard, we used TP standard (draft) in developing biological water quality criteriafor diatoms. TP standards (draft) proposed
asla=0.02 mg/L or less, Ib=0.05 mg/L or less, Il =0.1 mg/L or less, Il = 0.2 mg/L or less, IV = 0.4 mg/L or less, V = 0.6
mg/L or lessand VI = above 0.6 mg/L. Biological assessment system (4 class system) was developed and proposed for diatom
using modified Tropic Diatom Index (TDI). Biological assessment of TDI appear B grade (Good).
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¢, 2004, 2006). FA8A7E sH(~-vA)dl wt FE EIARNES &3

wEbs B AFolMe A A3E BARECAA A NAFe -GS g, TP —’F 2&77E s8¢
dE 23 T FAEERE UYL E JYERA #wE & teAE AE3AHZdinka and Marvan, 1961). A&
Z, 91724 & BAs, 3l A4 2= AENF F (V) =9 DIN 384108 £99 (19920 Farsto]
AHHARE WEsbr] et st F E471Fs 4 NAEY] EARE o] &3th 9714, Kelly and Whitton
B3R ek £ o] @F7F v 4 FAE AE (1995)2 9L WAE S5WAE FEI}L FIIAFTE
ol 7K 548 wgstd ARBEFY WAEFE = 0~1002.2 Yoy, & AFdxe TP +27|€ &
Astetaa s, o]E slwke g U FAN Aaets Al o] 6&AIZA, TDI = WMS x 208 ¥4 (1)< o] &3t
TS o1& FAHAY AZY BIHAR(TEEATE o JFIAAFE 0~1002.2 A LA T
A Atz 53Tk

TDI= (WMS % 25)—25 @)
P =
2Ai><55.>< Vi

21 ZF—AI'xl A|7| ‘—635 WMS= ”Zla_ (2)

TRASEY %%ﬂzﬂei (3735, 2008) 975k Table 1 3 Aix Vi
I 2ol 2007d°l= F 540 AHo®, I 320 AH, ¢ =t
=7 60 AAH, =4 40 ;q@ AR 120 AFE A
Astgon, 2008dd= £ 640 A Ho2, 374 320 A4, DI  : ¥LIAF
d=7F 100 A A, 7 100 AA, A7 120 AHE WMS : Weighted Mean Sensitivity
gaoz £d590 A FEL BAEmE N X Ai DigY 2dAAE
FHA 4TS nAE 249 TP(Total phosphorus; Jeffries Si Hige] URE(0-5)
and Mills, 1995)2 Agste] zA}atgith Vi DigY ARHA-5)

29 XBME= MH 25 TEYIIX| BN

ABAEE AR 712 A=A BRIENS Z= A& 2 FEAER grtsEe A s 2 A
29 AFE 9ot BY R¥AY(ESPNE), FIREE H AESHE 54 ol A FEd SETES 5L
a7 A3 W AAR(LE)E, 2 2agel gz A ATAR CAGEH) "B(FR), "CRE), "DEE)
AN S TEE] Y8 $SAE Y oledES Adag, 2 st RS 4 s dFEAT Wee TP
39 BEY, FIHE 2 9349 JF o HEd AEZ71E} JFIAT e FBAY 2YZE o83t

© =)

) N
Sate] HE AFABES D AASAT of 24593, 58 dH 2 AT Table 73 2
AR - FEAFATY, 2006). FLIAAFTE FH7
7 <

-

23, 5ldo| TP 8tA7|= M uHH g$eTs A4 FAES Yedo 02 ¢ A 4ol
39 TP 8271% vheig Astel afjge) FAg gu  D8HA @ TH2 Avsa 1008 290 A g9
AN E BHOR 104098~ 077 $AZFRe] @ T oE HEHSE(Tale 7).
7 ARZ olgIAYoM, 45 VA Y BARNL 54
CoD, TP #4712 s 4% 2 #92 A4 3 3. &m A &
% COD, TP 7|&S ==tk #2&471E2 A A
#8472 LA a2V SUR)SFoR 3.1. 0|35t alE 0l
TRSIAIL, TP FARF7ES FRAY/HAE g & = A FA9 TP 54 9= 0.001 mg/L(07 W)
f319th ~1821 mg/L(08 ZHZFH02) WHLE EHIow, HF

0120 mglLZ 257 E&S YeRlAtHFg. 1). $A4E

24, MESH SAFHIIXE IHLS 9IS X[FAE EHH TP H3Els e 4 FANA HA 0001 mg/L(07 B
FHRELR JFIAF(TDI)= Kelly and Whitton(1995) Al A3 1733 mg/L(07 FEH02)Y WA= BH
o] Aot AT A WHow RAEUWE =W g 0132 mg/L(TP &8 : E3§), 454 F4+= 0.007 mgL
S Tt A&tk NRE(E TPY (07 70204 1584 mg/L(07 WEH)Y WIS R

Table 1. The numbers of the sampling Stations

Y ear Total Han River Nakdong River Geum River Yeongsan and Seomjin Rivers
2007 540 320 60 40 120
2008 640 320 100 100 120

2R HAN SIREstASS|X| 253 FM[635, 2009
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Fig. 1. Fluctuation of TP (Tota phosphorus) in four largest rivers in Korea
(H: Han River, N: Nakdong River, G: Geum River, Y: Yeongsan and Seomjin Rivers)

Hi 0083 mgL(TP 57 : 2t £)E EIYtHFig. 1).
24 FAE AHEW JFF 92 Fo] 0.006 mg/L(07 9
z4)°ﬂH 1.821 mg/L(08 AFH02)Z HF 0.133 mg/L(TP

D BHE)E Uehgon, g4t - 477 A= 0003 mglL
(08 FAZ01)A 0870 mg/L(08 BFAH)E FF
0.098 mgL(TP 55 : & £8)& 1Y 4cﬂ7g = uxy
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A 7HE E2 (0133 mglL)g Ho A% O(2000)4
Zol 24 FAEe #I9F FAE Hole Aﬁi woska
TH0.100 mg/L ©] 4.
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AR RAETH ABYEFY TP 44 JA
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st th(Fig. 2) M AL EFE Efﬂ AR A2 TP
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Fig. 2. Fluctuation in number of benthic diatom species and abundance of benthic distom in four largest rivers in Korea
(H: Han River, N: Nakdong River, G: Geum River, Y: Yeongsan and Seomjin Rivers)
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Table 2. The number of benthic diatom species of dominant taxonomic group (family)

Naviculaceae Diatomaceae Nitzschiaceae

Achnanthaceae Thalassiosiraceae ETC.

52% 10% 13%

11% 6% 8%

ARYES 5 7 Bol &89 FH(Family)= Navicul-
aceae(52%), Diatomaceae(15%), Nitzschiaceae(12%), Achnan-
thaceag(11%) <22 UENGTHTable 2). Naviculaceaedl A
£ Navicula &o] 4357 gHE o2 F 52502 713 &
2 £38g Byon, Nitzschiaceaeol & Nitzschia 0] &
23%, Achnantaceaecl Al Achnanthes 4°] % 18%° =2
Mg 5L 23S RAFIAHTable 2).

AEAEZF EdVE=E AA 1,180 AF S Achnanthes
minutissima’} 740 A3, Nitzschia palea’l 726 A& ollA
=38ty 78 ¥A JEhgen, Achnanthes convergens,
Cymbella affinis, Gomphonema parvulum, Melosira varians,
Navicula amphibia®™ 50% ©]3(590 A& o4 =& =4
HEE BoF9th Achnanthes minutissmas W< AE]d
A Edste FLE FIESAAE EHAHAAHCRE &3
sl o A Jom(Cumming et a., 1995, Hof-
mann, 1994; Round, 1990), FWAXNE SHFo =2 Yeht
(o18%, 1998; olF5 <t AEA, 199%6) 2 AT YA st
£ %S B4k & s FHZLE g3 Achnanthes
convergens, Cymbella affinis, &2 93¢l Nitzschia palea®=
U FANA w2 EQNEE Hole FoF(vEd
S, 2004; ©]@%, 1998) E AFNAHE =2 EIAVEE
Btk A AHAAN dERd F &F WA Ach-
nanthes convergens’} 8.8 x 10° celldem’® 713 & W%
£ ®9on, Achnanthes minutissma= 5.6 x 10" cells'em’
2 £2 U9EE HAFIT URHOME 2@ AMAFS
5L3HA Achnanthes convergens (224 A7)} Achnanthes
minutissima (205 A13)7t 7Hg #2 $AYEES YIS
o, I %ol Nitzschia palea (177 *3), Meosira varians
(120 AA), Nitzschia amphibia (117 A&)Y #o2 A3
o7 F2 $FIVEE HAFAT BHEY AHIA
Achnanthes minutissima, &3 </%<l Achnanthes conver-
gense Ut FAC SHse TLE (018 =, 1998, o]
Bz HEA, 199) & ATINAE sZFFoE A

€ ¥ge dehigit
3.3. o2 TP &tg87|=E nidE fIst SAHAH E2

T
33.1. BEZEM mjot
SHd TP &471E g Hste 47 S8Y HEA

A9 1047 (98~'07) ARE 71=EAS 23, BOD, COD,

TPY H## FHF 1 & Z9 Aol YL glon,

=

Teble 3. Summary statistics of 4 river basins in the mgor
stations during 1998~2007

Summary statistics BOD COD T-P

N Valid 4760 4760 4760
Missing 0 0 0

Mean (mg/L) 3.0 4.6 0.177

Median (mg/L) 1.6 35 0.074
Skewness 5 4 12
Kurtosis 42 25 263

BOD, COD9 dHlolE EX&= TP Hls| ¥lng YA EX
Ho Qith

BOD, COD, TPY ¢ %(Skewness)= H(+)9J(2%) A%
A7 P2 el BT FFEEAA Holg BEdY

£ Yeha gltk(Table 3).

33.2. TP =&&HE 7|
BOD, COD ¥ TP A&9 7|&&A ZA#E HEge=z
FATA 2 W =2 (percentile) 27, 3H3H 9] BODSH COD
=2 AFAEHE R= 08, n=476002 Jehfed,
P 2% BOD, COD EF fASHA 2 H#H S U
Bl o, diolge BEXE e vEy FHENT
A AP A, cobgt ¥ /A% #FHEPYE 2RI
(Table 4).

A

e o

_|

Table 4. Comparisons of correlations analyses in the major
stations during 1998~2007

Correlations BOD T-P
Pearson COD 0.895" 0.805
(parametric) BOD 0.806"
Spearman’s rho CoD 0.903" 0.827"
(non-parametric) BOD 0.802"

" Correlation is significant at the 0.01 level

BOD 49 f712@ER o3 +APrME Adsx
dEHE LEERY 583 BYE HAstd 4T £34°
COD, TP 71¥& Table 54 A3kt COD, TP 7]&&
HE 75302 YA H, laEFE (M$ER)e 747 2
mg/L ©]&}, 0.02 mg/L °l&t2 AAHYLn, BOD £2&

71%(3 mg/L ©]zhez £ ) COD 6 mglL °la, TP 0.1
mg/lL °]3tZ 4HEE o] JERf Ath

Table 5. Proposed classification of water quality standards by COD and TP (Unit : mg/L)
Level la Ib I 11 \% Vv \
Very good Good Fairly good M oderate Fairly poor Poor Very poor
BOD <1 < 2 <3 <5 < 8 < 10 > 10
COoD < 2 < 4 <6 < 8 < 10 =1 > 11
TP < 0.02 < 0.05 < 01 < 02 < 04 < 06 > 0.6

AN =SS EASE| K| FM2537 H65, 2009
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Table 6. Sengtivities and indicator values of each indicator organism
Indicators S \ Indicators S \
Class Bacillariophyceae Family Achnanthaceae
Order Raphidineae Achnanthes alteragracillima 1.03 2
Family Naviculaceae Achnanthes bioretii 0.67 3
Amphora pediculus 2.15 3 | Achnanthes clevei 3.79 3
Cymbella affinis 1.59 1 | Achnanthes convergens 0.88 3
Cymbella cistula 4.50 3 | Achnanthes delicatula 2.46 4
Cymbella delicatula 041 4 | Achnanthes exigua 1.96 1
Cymbella lacustris 1.00 1 | Achnanthes japonica 1.07 2
Cymbella minuta 0.73 2 | Achnanthes laevis 0.80 5
Cymbella silesiaca 1.30 1 | Achnanthes lanceolata 0.97 2
Cymbella sinuata 0.45 4 | Achnanthes lanceolata var. dubia 4.74 5
Cymbella tumida 3.18 1 | Achnanthes minutissima 0.91 2
Cymbella turgidula 1.23 1 | Achnanthes subhudsonis 2.52 1
Gomphonema angustatum 321 3 | Cocconeis pediculus 3.16 2
Gomphonema angustum 1.07 3 | Cocconeis placentula 2.89 3
Gomphonema christenseni 0.29 5 | Cocconeis placentula var. euglypta 2.95 3
Gomphonema clevei 153 1 | Cocconeis placentula var. lineata 2.81 3
Gomphonema entolejum 0.59 4 Family Nitzschiaceae
Gomphonema  helveticum 0.16 5 | Nitzschia amphibia 2.88 2
Gomphonema lagenula 1.44 1 | Nitzschia capitellata 4.62 4
Gomphonema parvulum 3.83 2 | Nitzschia dissipata 1.08 3
Gomphonema pseudoaugur 4.34 3 | Nitzschia fonticola 4.50 4
Gomphonema quadripunctatum 2.96 2 | Nitzschia frustulum 354 4
Navicula accomoda 357 4 | Nitzschia inconspicua 2.02 1
Navicula amphiceropsis 331 5 | Nitzschia microcephala 3.78 5
Navicula atomus 473 5 | Nitzschia palea 411 2
Navicula bacillum 3.60 4 Order Pennales
Navicula caterva 1.49 3 Family Diatomaceae
Navicula cincta 3.56 4 | Diatoma vulgaris 345 4
Navicula confervacea 342 3 | Fragilaria capitellata 0.45 4
Navicula cryptocephala 2.99 2 | Fragilaria capucina 1.32 1
Navicula cryptotenella 2.99 2 | Fragilaria capucina var. gracilis 1.00 2
Navicula decussis 201 2 | Fragilaria capucina var. mesolepta 0.55 3
Navicula goeppertiana 4.69 5 | Fragilaria capucina var. vaucheriae 2.81 1
Navicula gregaria 4.39 4 | Fragilaria construens 2.92 3
Navicula minima 454 4  |Fragilaria crotonensis 110 1
Navicula mutica var. goeppertiana 3.70 5 | Fragilaria elliptica 271 2
Navicula notha 453 4 | Fragilaria intermedia 043 4
Navicula perminuta 353 4 | Fragilaria vaucheriae 174 1
Navicula protracta 4.26 5 |Hannaea arcus 0.51 4
Navicula pupula 455 4 | Hannaea arcus var. subarcus 0.35 5
Navicula saprophila 4.63 4 | Synedra acus 2.63 3
Navicula seminulum 4.70 5 | Synedra ulna 4.00 2
Navicula seminulum var. radiosa 4.48 3 Order Centrales
Navicula subminuscula 461 4 Family Thalassiosiraceae
Navicula turgidula 4.69 5 | Aulacoseira ambigua 2.99 3
Navicula veneta 3.03 3 | Aulacoseira granulata 2.88 3
Navicula viridula var. rostellata 3.57 4 | Aulacoseira granulata var. angustissima 3.37 2
Neidium iridis 0.20 5 | Cyclotella atomus 3.23 3
Pinnularia appendiculata 4,78 5 | Cyclotella meneghiniana 4.00 2
Pinnularia braunii 351 4 | Cyclotella pseudostelligera 2.84 2
Reimeria sinuata 114 2 | Cyclotella stelligera 2.78 3
Rhoicosphenia abbreviata 3.52 4 | Sephanodiscus hantzschii 3.69 3

(S: Sensitivities, V: Indicator values)
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3411 ZAF £ BsUR 20| UAT U AEY
% 118071 AdNN 2AF PASLRY Fo 94 &

3 5 FHoE VAR AERE Table 69 A5

o MAEGS cAWEEASE B3 TPFIFLSE

S UE, NgEge] ¥ $OE 45 o4 £ &

cula pupula, Navicula seminulum, Navicula subminuscula,
Navicula capitellata= AHFHT 2 F2ETY o A4
St TOR(FF, 1993) ¢#A Navicula &o] 24 U

of
|

q4e Ze F& Pol XA Ao FAEFHJT =
92 WUZEZF05 o Ze T2 11EL=E, Cymbela
4, Fragilaria %, Gomphonema 4] ©o] Yyelygorn, 1
wko] Hannaea arcus var. subarcus, Neidium iridis® Y=
AAEE HYTHTable 6). FF(1993)2 Cymbella delica-

tula, H. arcus var. subarcus, Ne. iridis7} 4Febx] 2 Wl
g FA REFo7 A&sE Folg st 9o, &
AN E MGG FANA Adste Fo2, s &

2 F5o] AP Az

34.2. MESHY SAHHIIXE

3424, =AY FAAX|NTOI)

AA Z=AF FAY FEEAS(TD) EE= Fig. 3% 2
o YLIAFE ol &l AA A Ut FHEHA H
7Ve 8|, 2007d A - ARG FAE AT F 1,058
A F 4sFNE ASH-371 AH(3B%), BsF -304
A A (29%), CeF -236 XA (22%), DSF - 147 A3 (14%)
o2 Yet ASER FE s b 2ol yE
S THFig. 3).

TDI

Zt FAME AuEYE, 7 FAY IFAAF(TD)=
14007 HFe)-202, TP : 0.009 mg/L)~92('08 &, TP : 0.140
mg/L)8 EHE JEigien, B 545 BIAUTHFg. 4).
FAELFY] JYAAFTE ol & +2 7t 55 B3
3 ASFol 217 ARERMWLE 78 2ol UERgTtHFg. 4).
G54 A9 JEIAF(TDI)= 19008 4301, TP : 0.020
mg/L)~90( 08 5716, TP : 0.150 mg/L)<] HE B,
Byt 5322 Bea(¥2)Y 2 HHE EHAtHFg. 4. 9
54 FA9 £2 g7t 532 ASFC] 49 A (3322
P FAZ BFHNLH, BsES 47 AFHB2N)o=
43, CoF2 R AR (22wez EE, D7 19 AH
(13%)ez Hekoz AFEHJKFY. 4). 34 TAY &
AR 18(007 27207, TP : 0.021 mg/L)~90( 08 413,
TP : 0.015 mg/L)e WS 293, FH42 572 BEFol
A FEACHFg. 4). 72 B/t 82 % 140 A F BE
F9 AAFIF 42 AF @B LR HF B3 gSeg C
S7°l 40 AHQ29%LE YEFRTHEg. 4). G- A
FAY JFIASFE 16007 EAZ12, TP : 0.015 mg/L)~
78(08 AZ17406, TP : 0.065 mg/L)2 9IS B, FHF
512 BEHl 3= ATkFig. 4). It - ARG FA F
A g7t 838 A AP EEXE ACEF2 Hxe A
A HEE 290 1H21%-38%) DEF(4%)> W &
el o2 37 FAS Aol S BATHFg. 4).

o

Yeongsan and
Seomjin rivers

Han river

Nakdong river| |Geum river

50 -

20 =

Station

Fig. 4. Accumulation of TDI (Trophic distom index) in each

river.
ARz & o FAE &2 H7le H+ 51-572 B
7Y 5 FAZ HIHE A

4 8 2
Station o|gtaty FAP7te gEHL 25 FEFIL 4
Fig. 3. Accumulation of TDI (Trophic diatom index) in four = A8 7R AR Sl 2ol BETH sABE =Y
largest rivers in Korea. szt FRAEERE o] &3ty FHEFMARE NI
Table 7. Proposed classification of biologica water quality criteria by benthic diatoms
Grade Water grade Environment quality TP (mg/L) TDI
A Very good~Good 0.05 or less 0~45
B Fairly good~Moderate 0.2 or less 46 ~ 65
C Fairly poor Moderate 0.4 or less 66 ~ 75
D Poor~Very poor 0.4 or above 76 ~ 100

AN =SS EASE| K| FM2537 H65, 2009
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W, 1 A% b5 2ok pp. 606-614.
1) A} 419 TP(Total phosphorus) 7323 0.001 mg/L BAE, olAE, 23852000 54 FA2HF +HY SH.

(07 BAA)IAM 1.821 mg/L(08 Z%
B2ygen #H 0120 mgLE 32 ET:.L < UeY
Aot FAE TPe 40 § 9488 FACdA 7 3
< HF(0.083 mglL, It £2)E BioH, 24 FA
oAA 7b =L 70133 mglL, BE)S R AAE &
(2000)F Zo] 7 FANA FIFFHE EHJTH0.100
mg/|_ o }\]-)

2) FHELRY AZHES
9] 3% o)A 180F, FFHFE(L5x
AellA 158%, AP (FAHE 2-2 0}%%.
oz Yehgi, 1 3 HF ARLE = % 28F
2= 17 3% 9% 34% 170F 38WFTo] A=Y, 7HE
2ol &d3 FHFamily)= Naviculaceae(52%), Diatoma-
ceae(15%), Nitzschiaceae(12%), Achnantaceag(11%) &2
2 Yehsteh

3) BOD 3419 #71edEd
HEEHY CHEZY 58
71X E At en, B dAFoA BAELF HE
Az TP FE71ES AHESHA T

4) RHRE=TRFE Kely & Whittono] A dFGA S
olgste] 7 Ry AESH FAHPMARE 45
o2 A - At

5) A¢te FHAELRY MESH FFFMARE AR
Aol HEAIZl AT, 4552 ASH 371 Z]X”(SS%), B
55 304 A (29%), C5F 236 AH(22%), DSF 147

AR(L4%) L2, P8 127 EXsE 53

B KeR
24 FAY FFIATE 14-929) WMYE HF 542
=

$202)9 HHAE

ARG ] J—-’Eﬂi %91 3
° celsiem® ©]

L)l 184F

-
e

P
oX,

N

OW
o
HU

Zan

N 2
g

o

o

Aol 9% £ABE A

@2 flstel COD, TP

ol o

ol

el BeF ‘422 g7HE A0
AL AL
E =R $3F - FUFEANLY (0708 FAEHA
A3 24 2 B Y dFEeR FIHAFUT
HNEH
AEA(2001). AAY FAFE ZRE ol & #Ule"y #
H. e85, 34(3), p. 199-205
A&7, °]£7(2009). FHAFEZFHE ©

8% 2% 43
% ke,

BESE SAWH FIB 975817, 25(4),

Y,
)
H

Algae, 15(4), pp. 287-297.
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