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Effect of Highly Concentrated Turbid Water on the Water Quality and Periphytic Diatom Com-
munity in Artificial Channel. Yoon, Sung-Ae, Kyung-A You, Ji-Hyoung Park, Baik-Ho Kim* and
Soon-dJin Hwang"*(Han River Environment Research Laboratory, National Institute of Envi-
ronmental Research; ‘Department of Environmental Science, Konkuk University)

We examined the effect of the turbid water on the periphytie diatom community in
an artificial stream system. The artificial stream was constructed with transparent
acryl and composed of four channels. Each channel (20 em X 200 cm X 40 cm) was sup-
plied continuously with eutrophic lake water. In order to the freely colonize and grow
diatoms, artificial substrate was installed with commercial slide glass soaked in 1%
agar. Prior to introducing turbid water, the artificial stream was operated with lake
water for 6 days to permit the propagation of diatom community on the substrates.
The turbid water prepared with sediment sieved with ¢ 64 pum at 2g L"! (final concen-
tration, 300 NTU) was provided daily for 50 minute duration. The experiment was
conducted for 7 days with manipulated experimental condition of light (50 ~ 80 umol
m 257", light: dark=24:0), temperature (10:£1°C), and flow rate (0.31 cm s !). Sampling
and analysis were conducted daily for water quality and diatom. Turbidity of the
water varied 162.2~173.2 NTU during the experiment. After introduction of turbid
water, DO, pH and TN were decreased, while SS and TP increased significantly. A
total of 14 genera and 47 species of diatoms was observed on the artificial substrates
during the experimental period. Of these, Navicula appeared to be a most dominant
genus with 10 species, followed by Cymbella (6 species), Fragilaria (6 species) and
Gomphonema (5 species). Achnanthes minutissima was the most dominant species
(>70% of total frequency) in both control and treatment experiments. Increase in
diatom abundance lasted for three days since turbid water introduction, after that
they gradually decreased by the termination of the experiment. These results suggest
that frequent supply of highly-concentrated turbid water significantly decreases the

periphytic diatom community, and retard the recovery of the stable food-web within
the stream.

Key words : periphytic diatom, intermittently turbid water, water quality, artificial
channel, food chain
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& doqIvh(Ford, 1990). #2 3hikx 7| F¥stke o)
of o] FAe AFHEUL A A7 & A=
WA HARD Tt (AAARER, 2005; 29 F,
2009). 3] 522 ¢ 67%7} 7% o] AAL=E 71X
W, 70% o] o] i AFA o] Wi g e B Filw
2 Heo gle] AFae BN B2 M= =¥
R HSE b4 T3 &5 Do R ol wst
A2l 4l Fo o AE a1 Q) (Jung et al., 1997). 3
e rdez e Hes Bl §UAA A
o] Eulva 7}AA)7] T (Allto ef al., 2003), §H4-3 Zr=
030(}%?8*5 A2 o]FAZlth (Horne and Goldman,
1994; B} % 2005b).
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1995). $41-2- NO,-No] phenate®, NH,-N¢] colorimet-
ric]-2 Wgton] NO,-N3 TNeo] cadmium reductiont,
PO,P7} ascorbic acid®i, TP7} persulfate ¥-3] ¥ £-&7
71l EAW ez 747 4519 T (APHA, 1995).
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43191, d¥+ formalin N oz TATI] XA 2
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°](A1-A2)Z AHAFetalvh (APHA, 1995).
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ARZEERg el 32 xR ¥4 Patrick and Reimer
(1966), Krammer and Lange-Bertalot(1991a, b, 2007a, b)
52 A7 Fass.
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Inc., v. 12.00% AABIA T, 9452 p<0.058 715
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g4 #9989 9 DO, pH ¥ TN Fxe 7ha
g wh, A7 A EE, SS, g%, NOy-N, NO;-N, NH-N,
PO,P, TPS] %3 Z7lsigieh o] & FalsiA 27}
= AE B4l FEL S8, gx Y TPo|giv) (Figs.
1, 2.
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AR7|ZF Z9b £ 11.8~14.8°Co] W& Ry
g 9] £ Ao b £ A HolA &
9lt}. DO= 11.9~152mg L 19 #HYE nyq, gt F
3 & A2 H=rt oF 0.9% 3HAEsls). pHE 8.3~
9.19] Wele new g4 F9 F AL FEot o
0.2% ZrA8kedel A7 5= 23.1~30.0uS ecm ™8]
98 Reler, & F4 F AT vErh YA
2 oF 1.3% Z7}3kgich S8 14.2~105.0mg L] W $)
2 293, g 7Y F MY w=rt of 308.1% %
7}sldct gx= 10.1~173.2NTUS] W92 vodw, ¢
4 z=el & ok 19265.3% =75kl (Fig. 1).

A A 939k NO,-N-E 0.038~0.049mg L19] 9
£ 393, g4 F F AT =t dAHom o
4.3% 2789k NOy-N-2 3.0~35mg L12] W#&
gem, B =9 & Ao yErl dAHem o
0.9% #7}8kgivh NH,A-NE& 0.01~0.04mg L' &
Bylon, g 39 3 HyFe st dAHe R o
74.7% Z7}3gd ek POPE 0.007~0.010mg L71¢] ¢
2 nglow g FYd et FHE S BolA| &
okch TN 2.9~3.5mg L1e) W95 By, g4 79
Z Ao vt dAH ez oF 6.2% A TP
¥ 37.0~1108mg L'9] W9z velton, g4 79
® ) $%7) oF 138.4% bk Z7)hslelc} (Fig. 2).

BRz59 ME(Chla, AFDM)F % dx e
F9l 89 o] &M} Zraslgon, B H4y FRIF A
S ez ¢kt Chled =¥H$E 0.08~0.87ug
em22 Jeptom g4 9] 394 0.34ugem?E A
VERE T, o] 3 TYA 0.18ug em 22 AJEEFo] ZHAxsg]
o} AFDM2] H5® 2= 0.15~0.64 mg cm 22 Vet e
o, g4 9] 394 040mg em 2 ¥ Vb, o &
74 0.22mg em 22 A gFo] Atk DEe] HHY
= 217,670~ 5,964,546 cell em 0.2 Vepd o, g4 F
ol 394 687,878 cell em™2 A LJERGI, o] F TUM
323,046 cell em 202 AEako] zkAislgich FxFo £
4= 5~1329 W9z Vepa, g FYed Wi F
23t ko] sl (Fig. 3).
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Fig. 1. Changes in physico-chemical parameters following the turbid water treatment. WT: water temperature (°C), DO:
dissolved oxygen(mg L), EC: electric conductivity (uS em™), SS: suspended solids (mg LY. CB and CA: water
quality of control channel before and after treatment of turbid waters. TB and TA: water quality of treatment
channel before and after adding turbid waters.
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Fig. 2. Changes in nutrients following the turbid water treatment. TN and TP: total nitrogen (mg L") and phosphorus (ug
L™%), respectively. CB and CA: water quality of control channel before and after treatment of turbid waters. TB and
TA: water quality of treatment channel before and after adding turbid waters.
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Fig. 3. Changes in Chl-a, AFDM, species number and density of periphytic diatoms following the treatment of turbid
waters. Chl.a_bottom: chlorophyll-a of artificial substrates (ng em™2). AFDM_bottom: ash-free dry matter of artifi-
cial substrates (mg cm™2). T_abundance: total abundance of diatom on artificial substrates{cells cm™2). No. sp.:
number of diatom species. 1st DS_AM: the first dominant species, Achnanthes minutissima. 2nd DS_AG: the sec-
ond dominant species, Aulacoseira ambigua. CB and CA: water quality of control channel before and after treat-
ment of turbid waters. TB and TA: water quality of treatment channel before and after adding turbid waters.

drtyql dez Jepich $4E9 obAE dx Yu g 29 39 o] TRE rashs Aoz vE}
© HEE XMz F7b A Bal whd, Al W} (Fig. 3).
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Table 1. The result of selected parameters and paired t-test between the control and treatment in an artificial stream (n=14).

Control Treatment
Parameters (unit) F p
Mean+SD Mean+SD
Water temperature °C) 13.4+1.0 13.2+0.9 0.107 0.899
Dissolved oxygen (mg L 1) 13.74+0.7 13.6+0.6 0.097 0.098
pH 8.7+0.2 8.840.1 0.014 0.986
Electric conductivity (uS em™) 27.8+1.9 28.1+15 0.076 0.927
Suspended solids (mg L1 25.0£6.0 95.9+4.8 379.0 0.000
Turbidity (NTU) 12.6+2.1 168.2+4.4 6039.3 0.000
NOx-N(ug LY 0.04+0.00 0.04+0.00 0.553 0.585
NO;-N(ug LY 3.09+0.05 3.11+0.07 0.532 0.597
NH,-N(mgL™) 0.01+0.00 0.02+0.01 1.843 0.187
POP(ugL™) 0.01+0.00 0.01£0.00 0.028 0.972
Total nitrogen (mg L") 3.29+0.16 3.08+0.10 5.151 0.017
Total phosphorus (ug L™ 45.9+3.65 107.5+3.21 731.9 0.000
Chl-a (ug em™) 0.47+0.24 0.25+0.09 2.938 0.079
AFDM (ng ¢m 2) 0.48+0.12 0.30+0.08 6.459 0.008
*p<0.05
3. &l W 89 RA2F AEY FZA#e} vlw $AE A sl ARl TP &Y
W52 3] ko] HEBIA] Qgh7] ol gepr) bl 3l odk
A Hoea o O F 3 -
B =GN A} B} Fem Ape zl TPR} c}fﬂ oz 7<L_7;'1_—55_ J&%E%%if:} NH,-N
2 g5 34 F IR A 1y, A W

9] ¥%E ©]-83F paired t-test 2 A7} Bl 90 u}p
2} 88, TN, TP, AFDMo] Wz73 &l zlol7} ==
3 Vel (p<0.05, Table 1), &3], Bhx 3] u}
2} S8} TP= f-oj&go] 714 dston) Agjdes 4
&, pH9} A7)A 5%, NO,-N, NOy-N, PO,-P 52 $.2]%
Fol 7P ¥ol 2= F15 A7} UHA viepd o
3 Az A7 YR gt ) dokds 2ashg
71 kel FAslHE Aoz ﬂléﬂ“ouﬂ S$FA4
BAe] Ao ZvlelA =Hwa B84 §7154(89)Y
TEE ZVMTIE, 3ol RatEe] 9wl 3 xR
AEFE a7 Aoz A=

I &

A Vel DO} pHY $xi= €7t F71gee 7t
A3t Zlog o4 9] o (Azim et al., 2003; 23 7}
2006, 2 A7 S5 79 F DO} pH| s}
AAH o zhadte Agkow Yehdo)h 7| mwel
S8 st oko] A& =v] (Walter, 2002), £3]
S8+ £9 T A=E v e dAdse
2 AM4E7|% g} (Davies-Colley and Smith, 2001; &
%, 2006; A %, 2007; Drewry et al., 2009). NO,-N=t
NOy-N-2 shol dAE AT HAar} glojd 2 o

E-2 upegfole] o]s] NH,Noz Fa|=w, A4 =k
o2 i3ty ‘T%Eﬂ Z7vebA Hil A A o= aleg]e}
429 §71448 wol ¥ohsh] WEe] NHNo
Z7}slA] Do} (Azim et al., 2005).

EoRlAbe #7184, A4, o 5% ¢-%(Lee and Byun,
2001; A 5, 2006)3}1 glovt A moFiafel] 7l
A AgEe] A 23}, Qe EAFRd HAHAA 2
g5 e] 9ir}(Cooke and Williams, 1973). At ¥k
Aol F2AFo]gl7] Hrk= EoF J|X<=(internal water)
A $HD Fellw BAse] 9718 ohiet #77]

ol 2 oA fAle] wo] Huh(Haper, 1992). v,
Qe EAel Hrl9ow u) AP W)

Ferle Ae A N SHAAR, 01 A

A el 7 S AY AEHA gt w9y
A el A 77t Ak, 2350 il xoFy
Aol 23HE Qlo] B rwz 4A Yo 9%} vk,

esdo] A Aol 7497 BATAT, FAR 5
£330 $A5]0] 91517] W] A
WAom @, 28] re S olsle] fuTEe] A
o1n ool A% ow FAel 3Usiv] Wl A
LR ERTEECRD

A o] 431517 wifoll B el ule} 2 Ao

oo
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Bl ke S A e & 29t olJe) 3
41 A9 (light attenuation coefficient)& Z7}A]#A 23}
5o A S a3, 1990; 3 %,
1995; 1} 5 2002)A17)7] dfEe] TE % (165+10 NTU)
2 B 34 F AR g Aow dAE 8t
ARt W] B Flow Bstn g4 9] 397}

Ax ZA el ¥AFNoH (Fig. 3), o9} 2 AHg »
ol A Bpe) 29 Azo] F) W Hoz B

Heh AFa g7l 28T g A el AN A
FH el glom, AFATE R ER)) A 2~39,
etz (29 AF 1~370Y oA A&HUFHFHS
7351314, 2006). A3 e ol EAERE A 521 2ba) v) 2s)
HobE wf B Al g Y AzkE 2442 3 o} 50
Foz vfg g2 Azteldd. ehg e stz A
71ZE "ol =E2EHUE W QB 3A A0}
2005a; ?F %, 2006)8t90om, B A48 Fil =Heg
D71 mFAIEElE e e FYAAE 9 2
7 AEge] s ez vehdd.

EGUA U F Rz Y2 g dde ¥
72 FAER. D 2R A ol 23Ee) 3=
A AF7Pde BAEe] oy RAERFE gAY
T2 Wl e Aol 2) B9 o) poldss

€ wWol AHslr] el FAtzge] Bk o] A
AEFe] ZAaslge Aeolnh #4948 =9 YA 64
um2] v-§- 31 YRR RARF) N2 =77} 5~
100pm A =HE Aoz ke of g4 iap} Ao
2 v 2 gAe)7] W] 71l FAss 2lg dhE
S Aoltt vt IAsA =l 279 590t of
et shmetez <l M7t sa)se) A4 o
FFHFTE e F4E F2AZT(Sigler, 1980;
Sigler et al., 1984; & % 2004; #} %, 2005a; 3}, 2007).
& Aol s e F9 F i) 40 44 A
o2 AAREGAT e Felel] wh2 FEldt Aol
et ol e A Al AHe® A7) ook
32807 dE 28F dH-Ro| I mel] W3 1l
Zt=rb dejzl Ao FAAT (R %, 2008).

B dAFoA FHT F2F= Achnanthes minutissi-
ma, Caloneis silicula, Cyclotella meneghiniana, Navicula
cuspidata, Nitzschia palea 5.2 8 o325 Rojoksly) 24
HellM F2 M= 54& RATH(A, 1993). Yol
A @717 e gt A4E0E W g4t 349
717 gt 83l F2F5 Cyclotella sp., Achnanthes
delicatula, Navicula mutica, Nitzschia acicularis S 16

Fo] P39, olF 2L YRR AVAERES) B2

2

d

AWs - ez

2o me B Fo) AT, B 59 JRed
FAelM e &3] 283 54¢& Ryo(Krammer and
Lange, 1991a, b, 2007a, b; &, 1993). o] 24 Bl 44
Well o|3}std st wahent opel Fd Fx2Fo £x2
A& W7 Aem vehde

¥ 2

AFsHAANN ot RaAzg e vlXe dgE
H7RE d7e Adel dFsE o1 AXEa, dE
2708k Al 270 wEAEE Al Aed 7)
AL 1% agarg wlE &ehol= FEA(7.5%2.5¢cm)o]g]
T, AR 4008 Axshedn). AR 20109 39 299
HE 49 109717 F 13YUztelglen, 647t Bz
F7F AT 5 9le BUNE FAm A TERE 24
AI7F Z¥Eoz ofF 50%(50L)7F uxxe] g(2g L
300NTU)E 54 AZ . #4852 41 841(5~2, DO,
pH, 71" %%, g%, 88, NO,-N, NO;-N, NH,-N, PO,-P,
TN, TP)s} A £ (Chl-a, AFDM), 2242 #4315tk
B Az A2 g4 FEE 162.2~173.2 NTUR
viepgde} B Aol me} ZRade ARE Bl £3
B 42 DO TNO= Vehti, &lske Ake

2. 88, NO,-N, NO;-N, NH,N % TP= vjehygd

A z79] AE2(Chle, AFDM) Y Us: &by =
F 34Uzt ZA & A gorort 39U o FHE:

S Byeh 2 A7 A |z 71"
S} @R 1 7|7ke] dFY Ax X3
TEF AEFE A e £ JeE BAFY
, 18 B8 P Helaked] 724, 7% m@e]

41§ e
_?l_‘,
ft

B2, i

RN

ol g 2

Ho

A FEI 2005. 31H A A7) 2. pp. 34-67.

#Halal, $v)9), el 2004, A LA FFE] 2
2 wEko] W3 o3k FT8-453)3)4] 37: 87-95.

27 3h4. 2006. 57 2R/ g <27 23 o
. p. 162,

%A, A 1990, Tso) Axgat. T-gehEa 23
167-179.

254, 79, 374, ubry. 1995, D30] Hojost A
8F(1988~ 1994). gh=d 0 A 8H8) 2] 11: 295-302.
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