Korean Journal of Microbiology (2013) Vol. 49, No. 1, pp. 30-37
DOI http://dx.doi.org/10.7845/kjm.2013.262
Copyright (©) 2013, The Microbiological Society of Korea

|2 =

Winter Algal Bloom and Spatial Characteristics of Water Quality
in the Lower Taewha River, Ulsan, Korea

Eun Rak Sohn, Jung Im Park, Bora Lee, Jin Woo Lee, and Jongseol Kim”
Department of Biological Science, University of Ulsan, Ulsan 680-749, Republic of Korea

(Received December 14, 2012 / Accepted February 6, 2013)

This study was carried out to assess the spatial and tidal effects on the water quality in the lower reaches of Taewha
River, Ulsan, Korea and to understand the environmental factors affecting winter algal bloom in the river. From May,
2010 to January, 2011, water samples were collected at five locations (New Samho Bridge, Old Samho Bridge,
Mungjung Stream, Taewha Bridge, and Mungchon Bridge) along the river at high and low tides of spring tide. We
measured environmental parameters including salinity, dissolved oxygen (DQO), biological oxygen demand (BOD),
chemical oxygen demand (COD), chlorophyll ¢ (Chl a) and various nutrient concentrations. Salinity increased
towards the downstream direction. Average values of Chl a concentrations ranged 10-26 mg/m3 at high tide and 11—
53 mg/m3 at low tide depending on sampling locations. It was noteworthy that there were strong increases in Chl «
concentrations during the November 21 to December 22 sampling period especially at the Taewha Bridge. At the
location, Chl a concentrations were measured as 138-296 mg/m3 for the period; Rhodomonas lacustris of class
Cryptophyceae was the dominant algal species. Chl a concentrations at the Taewha Bridge were positively correlated
with such parameters as salinity, BOD, DO, COD, pH, and T-N, and negatively correlated with temperature and
NOs'-N. On the other hand, at the Mungchon Bridge the highest concentration of Chl a was 55 mg/m3 on August 25,
and Chl a concentrations were positively correlated with NH3;-N, T-N, PO43'-P, T-P, and heterotrophic plate counts.
The results suggested that water quality in the lower Taewha River fluctuated a lot with the sampling locations and
the patterns of algal blooms were different between Taewha Bridge and Mungchon Bridge sampling locations.
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Fig. 1. Map showing the 5 sampling locations along the lower Taewha
River, New Samho Bridge [SH(N)], Old Samho Bridge [SH(O)],
junction with Mungjung stream (MJ), Taewha Bridge (TW), and
Mungchon Bridge (MC).
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Fig. 2. Air temperature (A) and precipitation (B) on sampling date
and the day before sampling date in Ulsan, and monthly precipitation
(C) during the study period.
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Table 1. Average value of each water quality parameter at the 5 sampling locations of the lower Taewha River

Parametors SH(N) SH(O) MJ T™W MC
high tide lowtide hightide lowtide hightide lowtide hightide lowtide hightide low tide
Water depth (m) 08(£03) 06(03) 07(02) 0502 07(x02) 04#0.1) 0902 05(02) 09(02)  05(x02)
Water temperature (C)  17.3(#7.2)  19.1(269) 17.1(78) 192(#6.6) 169(#83) 202(73) 175(82) 194(=76) 164(#71) 199 (274)
Air temperature (C) ~ 15.3 (£10.3)  19.3 (£9.1) 17 1(£10.7) 207 (£9.0) 159 (£11.6) 22.7(8.6) 14.7+10.8) 19.2(+8.6) 143 (£11.0) 21.1(9.6)
Salinity (%) 0.1(0.0)  0.1(0.0) 1319  05#06) 32(:35)  28(35)  5.6(x44)  S4@E4AT)  134(E66)  12.6(x69)
DO (mg/L) 59(3.1) 644D 54(#26)  S9@E3I)  S4(E3D)  61(#38)  6.1(x40) 62(#38)  S5.1(34)  68(x42)
BOD (mg/L) 17E12) 21(#18)  22@:18) 2117 28(24)  30(E2.6) 30326 3435 26@E21) 2617
COD (mg/L) 46(£16) 4517 6,6 (#2.6) 6427 82(:38)  95(x4.0) 9931 101 (*42)  106(#39)  106(34)
NH;-N (mg/L) 0.07 (£0.06)  0.05+0.03)  0.11 (0.10) 0.10 (£0.12) 0.34 (£0.40) 0.35(£0.39) 0.18 (x0.20) 0. 14 (*0.18)  0.66 (£0.97) 0.16 (0.09)
NO3-N (mg/L) 15E04)  14(204) 1 3@05) 15305  10(x0.6) 1005  07(04)  08@E05)  0.6(04)  07(20.5)
T-N (mg/L) 1.8 (£0.4) 1.8 (20.4) 8 (£0.5) 2.2 (£1.0) 2.1 (0.8) 1.9 (£0.8) 1.5 (£0.5) 7(20.7) 1.7 (£1.0) 1.4 (20.6)
PO,*-P (mg/L) 0.03 (0.03) 0.03 (£0.02) 0. 03 (*0.03) 0.03(0.03) 0.06 (+0.07) 0.07 (20.07) 0.06 (£0.04) 0. 05 (0.03) 0.1 (0.06) 0.11 (+0.08)
T-P (mg/L) 0.07 (£0.07)  0.06 (£0.05) 0. 09 (#0.06)  0.11 (£0.11)  0.16 (0.15) 0.13 (x0.08) 0.15 (x0.11) 0. 13 (*0.07)  0.25(£0.20) 0.27 (0.22)
pH 79(03)  81@07)  78(+03)  84(207)  77(#03)  79(x0.6) 8.0(x04) 82(:06)  8.0(x04)  8.6(x0.6)
Suspended solid (mg/L) 0.01 (0.02) 0.01 (£0.01) 0. 01 (£0.01)  0.02 (0.02) 0.04 (£0.04) 0.04 (£0.05) 0.04 (x0.04) 0. 05 (#0.05)  0.06 (£0.04) 0.06 (x0.05)
Chl g (mg/m’) 104(#62) 114(294) 145(£9.6) 17.9(£153) 222(£33.4) 28.6(+43.1) 25.6(£22.8) 53.3(x75.8) 132 (x11.9) 16.6(x10.3)
HPC (><103 CFUs/ml) 3.1 3.1 43 12.6 4.7 6.4 4.0 3.1 43.0 32
7229, 20119 19 349,74, 114, 19¢, 28|21 29 19 5 T2} F20] 2 Aol= AR A A7t ol whE FTF
78]o] 2A AEEFAE A o F 24E 24 2t © 2 HEtTable 1). o Folle 4-20] 7] 2HTh ¥kl A&
5] WS AR BRI Lugol §402 T AY o So] Flemrh ok, whael 720 & Roli 7]
Az gusigon, 39 o4 A AN $ET ARE £ Aolo] ]3] 3ol o) Fwrh Agch
1 ml £3F9] Sedgwick-Rafter chambero]] 1T EAFA|Z] H g3} 3t 209 IS wro ), XA X -Y 2409
Ar]7(Olympus, model CK2)C.2 Astgon, 532 FE Flstrt R=E S48 Uth(Table 1 and Fig. 3). &

Eo] ZAL YeRERS ZstYti(Javornicky, 2003;
Novarino, 2003; Kim et al., 2004).

FEYPARY 22 Tels] 99 B AAR B
(heterotrophic plate count, HPC) S ZA3lg 0o, |22 10"-10"
=2 343t &, plate count agar (Atlas and Parks, 1996)°]] £}
244121 WjrE b A Yete] Sz el

0
rH

u)
0x
ﬁ
o

HI
14 1z

1RolA 22l S5k Be

3}7] ¢35 Windows & SPSS V.13.0 ARESle] B E

Gfel Pearsone] A4S ToI% AHUE Treol

S 7H3lo] Chla 5= U FEE9} T2 34 g Qla}o) 4
FHo pasIGom, 243 Aol fol4 U

1_{%74]7} Atte AL ST US| FFE F= 84

FUE Lo Aol AR AT 5= Ut

5 Aole] 45 3

L}
iﬁ

L°1

ko lo e N 024.. i
(e o o PN E
mlo ]

N

21| - 35t A9l
b 5H7-9] 57 Aol A RAZIZE Bk Wkt 7hxof &
E2a) 31514 317 2919 HFFHS Table 1] QoFatgich
A4 HFe vk ) 0.7-0.9 m, 7R © 0.4-0.6 m
At zF Ao A ghxel 2z Bt 4] ol sk W
242 Z7181= AgFo|YIrh(Table 1). Th2e} 742 o)
T 4=20] 2 AW Haghe 7kt 16.4-17.5C 24 19.1-20.2°C

EE)
o

x

oL,
S~

1o

d

E

e o Lo 4y

ol lOnE

o o 1o

He o] A4 HFgre vhx w 0.1-13.4%, 7+ o 0.1-12.6%
RaL, S WO R ZA4g FUSIAT HEL A A dE
= o] Zgighe v wf 20.5%, 72 w 19.5% A1, et ]
Ao Hdigr vhxet 72 o BF 12.0%0193L, 383 5
A Zo M= Tt ) Zo) 9.0%, 7+ u o) 10.0% | A cH(Fig.

3). o]& AML 2o e} Ffj=9] FEFE IS Y = Uk
2 Ag @2 o vrt e 7Y 1293} 8¢ 12Y ThR(2A)
Z4o] H$ BENE TS A AFHAA FEEE 0.1% o3t
S th(Figs. 2 and 3). Eb‘P 10-1€ 9] dB =7} 7-9L| v|3] =%k
=0, Aol 71908 B 5 9 55 HgtY] 9o R ud
Hh(Figs. 2 and 3).
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Fig. 3. Salinity measured at high and low tides of the 5 sampling locations along the Taewha River.
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Table 2. Abundance of algal populations at Taewha Bridge from Dec. 19, 2010 to Feb. 1, 2011

No. of cells/ml

Species 12/19 12/22 13 1/7 /11 1/19 21
Class Euglenophyceae
Euglena gracilis 250 800 2,200 5,300
Trachelomonas volvocina 1 2 2 4 4 6 14
Class Dinophyceae
Glenodinium pulvisculus 2 2
Class Cryptophyceae
Cryptomonas erosa 900 3,150 1,400 50 17 12 4
Cryptomonas ovata 108
Rh"d"’”"”‘lil i‘;‘ol% e 3,300 6,800 6,900 250 2,900 1,200 2,700
Total 4,201 9,952 8,302 554 3,721 3,420 8,128

43,031 CFUs/ml, 3,119-12,609 CFUs/ml2] ¥ ¢]%tHTable 1).
A3 HPC B39 A9 ©hxo= g2 X3, kxRl +
AT a AFoIA 7 B9k, whEet 7k T AT 2|3
o] 74 Wokth(Table 1).

3 skt
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(Table 3). g3 7 AH oA &= efBtaol A o A ket
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Fig. 4. Chlorophyll a concentration at high and low tides of the 5 sampling locations along the Taewha River.
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Table 3. Pearson’s correlation coefficient between chlorophyll a and other environmental parameters at the 5 sampling locations along the lower

Taewha River

SH(N) SH(O) MI T™W MC

Parameters

Hightide Lowtide Hightide Lowtide Hightide Lowtide Hightide Lowtide Hightide Low tide
Water temperature 0.463 0.598"  -0.565 0.015 -0.426 20286 -0.594 -0.330 0.156 -0.104
Air temperature 0.442 0.525"  -0.585 -0.016  -0.499" -0.106  -0.657 -0.302 0.072 -0.223
Salinity 0.116 -0.225 0.531" 0.446 0.550" 0.535" 0.560" 0.494" -0.215 0.142
BOD -0.231 -0.286 0.329 0585 0716 07617  0.865  0.852" -0.224 0.414
DO -0.370 -0.429 0.399 0.090 0.377 0425 07447 0.653" -0.207 0.112
COD 0.210 0.054 0.365 0.568 0.472 0.480 0316  0.864" 0.479 0.016
NO;-N -0.082 0.126 -0.287 0.089 0311 0397  -0.591"  -0.609" 0.029 -0.170
pH 0332 0.729" -0.232 -348 0.148 0535 0.716 0.479 0.027 0.370
Suspended solid 0.203 0212 0204  0.714" -0.091 -0.147 20212 -0.118 0.037 0.026
NH;-N 0.285 -0.372 0.517" 0.459 -0.176 -0.302 -0.105 0282  0.9417 0.452
TN 0.050 0.139 -0.097 0.449 0.104 0.142 0.031  0.629°  0.879" 0.430
PO,”-P 0.090 0.140 -0.393 -0.100 -0.225 0215 -0.444 0270  0.746" -0.057
T-P 0.170 0.272 0209 07117 -0.011 -0.054 -0.012 0348  0.815" 0.370
HPC 0.199 -0.003 -0.106 0.124 -0.154 -0.167 -0.201 -0.182 0.580° -0.094

Significant values are shown in grey areas; P<0.05, " P<0.01

PO.’-P, T-P, HPCS} ofe] ATHTAS Uehjglon), 257 24y
T} FFEZR o] FHTH ATAYES B oH(Table 3). BHH,
kel H| wato] ZkRo| A 1g Aol TEEA k=
o H&u Q1 w5 HR Al- T AV Q& ALE oA
At o]t b= Histw el HAHH g A-oA e 27
AL gEn - 1A A7) 9 E)oll 3lo] Zpol7t Al
2 A ARtk

3P ot 2] 2 dlme] G ] fiE, 9&
Lot ohE S S473k] Pearson ABAIFE 24 XA Y
Tt ol koA Al4kste] Table 40 Attt AR &
2, 712, PO, -PS} BE A} 20| A, NOs-Nit= HAH &
F AR, H3hw, &2 594 d= 29 AT A
THTable 4). =3t HEZ+= BOD, DOSF BE A} XA,
Chl g == 45w, WA 5 A, oA 94
= Fo ATTA 7} A tH(Table 4).

=}
=

[

U SR 2AF A F ARETH 7P w2 BEACAME
Aed 27 WAo] WEEA| Fok=H), ol 29 T=7H A
HHOE Ag 27 T HUE AlFsHAe = AR
o "HigHt shRolM diEe ted] @ues e B
ol Al W B 7% H 59 Mt e AEH
BT AR e AL R A,

et Ao 124 A& =2F TN AR

Cryptophyceae 7}(Cryptomonads, 2H X2 Z3)9] Cryptomonas
erosa, C. ovata, 18] 11 Rhodomonas lacustris'= 7| 2& 0 2 ot
oA YA = AEEHZECE A th(Tranvik et al.,
1989; Javornicky, 2003; Novarino, 2003; Cerino and Zingone,
2006; Kim et al., 2007). B3t x| &1} A 37 2] A A
Chl ¢ 3%+ =9 194 e 2 AL TAE HolH, A&
257 WAlA $--5h= Cryptomonads7} -2 2= &Js] 4
A 95 AXF 7Fs/d0] itk Ed o]F AF oA Chl a
59} BOD Afo|of| ko] ALTAE Hol=d|, 272 i &
Aol w2 BENAY F71=59 VM EA T 9 W, S AR
S F71E9 7t WE 27 UiF YA e = A2
& 5= Stk Cryptomonas 48] 79 Aot ] s£A]of] 23t 249
IEL 7Issicta 8 A Qth(Tranvik et al., 1989). Ej3lul |
A4 Chl a 5=+ NO;-NIF= 59 ATA & HoliL Qirt
u]= Patuxent River 119 Aol AEH 257 WAYo] Aa
(N) Agt=Az HA0] e, N/P H|9| F719t {4 F71o) o
2 25 2ol AR X 15t th(Sellner et al., 1991). B3}t
7 AL 27 DA 38 CryptomonadsE o2 2
T E A BA, FYELE FHoks tE vE AAE
9] A of) gt £ 0] E esrtal wekE

5ol A 71 AZeE 27 WAL 0] Wil kol
A ALA B7HA] A F o= dAgstal glom, & Ao
A= 19} 22 AH3FE 15k th(Shin, 2007). ZpiFo] F5
3 AEY B 27 SR T WME S FFEE AE
o o3 FAloke 2577 A=l AA Werte ALo2E &
Utk

B3} AE 27 DA £t AEETIAES 54
3l tAMES A= G AR 4A otk six|gt
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Table 4. Pearson’s correlation coefficient between salinity and other environmental parameters at the 5 sampling locations along the lower

Taewha River

Parameters SH(N) SH(O) MI T™W MC
Hightide Lowtide Hightide Lowtide Hightide Lowtide Hightide Lowtide Hightide Low tide
Water temperature 0339 -0.585"  -0.567  -0.740°  -0.815"  -0.547  -0.700°  -0.771" = -0.542 -0.541
Air. temperature 0402  -0616  -0.630°  -0.767  -0.858 0447  -0773° 0758 -0.557 -0.474
Chla 0.116 -0.225 0.531° 0.446 0.550" 0.535 0.560" 0.494" -0.215 0.142
BOD 0313 0.694 09227 0832 0753 0669 0725 0742 0.536" 0.491°
DO 0423  0.646 0.548° 0756 07607  0.695  0.658  0.827 0400  0.625
COD -0.195  -0.518 0.439 -0.114 0.151 -0.086 0.323 0.330 -0.207 -0.341
NO;-N -0.296 0.034 -0.215 0.125  -06197  -0526° -0.750" -0.776"  -0.820"  -0.831"
pH 0.103 0.074 -0.186 0.001 0.319 0230  0.730" 0.449 0.563" 0.417
Suspended solid -0.060 -0.437 -0.034 0.093 -0.318 0328  -0.597 -0.255 -0.222 -0.346
NH;-N 0.006 -0.199 0.100 0.160 -0.222 -0.445 0.164 0.232 -0.102 20310
TN -0.011 -0.040 -0.179 -0.041 -0.271 -0.407 -0.448 -0.094 0233 -0515
PO,”-P 0369  -0.7397  -0.561°  -0.557° -0.572°  -0497  -0.785"  -0.647  -0.554"  -0.693"
T-P 10323 -0.625" -0.441 0.035 -0.475 -0.369 -0.360 -0.164 -0.387 -0.360
HPC 20.066  -0.544" -0.220 -0.282 -0.387 -0.365 -0.445 -0.360 0232 -0.534

Significant values are shown in grey areas; P<0.05, "P<0.01

F Ao AZH o2 u|Thg XL FANA Argel] HE
A& of7]3tth= 59 o fE HiEPdol 4§ nABEA B
AAEEAL ot S 713 9] B3 sk 1.3 kms =7t
3kd o2 e ¥ 2 ¢)id|(Ulsan Metropolitan City, 2010), ©]2
TR 24 spHo A =2 FEE 8 AEel AH v A=A
£ Tl ol ZotR7] oYt dutEog @ AR oA
LAEEY EE A vBE T4 7]<&(bioaugmentation)=
LHEEY A&F 27t e B9 F-8Hrh(Alexander,
1999). 9t n| P EAE AT A 257 Do BHH= AL
Hol| JFste] A lstofof gtk oA ol 23t n|BES]
B4 TAE gstodof gt} wEta Rt ulYEL o4t
Ao g = HisPolA AAHAF o2 BEsh= A2 9 njAEo]
ojof otH, =2 A H=¢ JYAFT Y508 AEEFIE
I BAE 5= §l= Aolojof gt Hishte] 25 WA AHE
9 AFEE A Pl Zfol7t lem LA H e ZA7L &
= AR A 8E gl A2 vk sfjor & B av} Qiot

S A Al I ZA7FFE QA Aol Sk 2 Atoll A H
37} ot 8 o g Hote ERl 5ok A-EFEAH, ¥
AR} wljg=gel] o3k AU AR gt ERE 4 2
d=2o] FY=E AU FRlst 2 QHsE HAstE
5 ejsts Zo] Rydstet 27 WA gt o) dHol T

791 wgtole} & 4 gtk

i mo B

<L)

Sul

& AT A= HEP shRolA 24 R 2AF Al whE
3P BAE Gotia, AL 27 T §FE F= 273
2& BAskA} st 20109 5€of| A 20119 197HA] &)

sk shRe] Aldtew, TS W, WA, Hista, §EL 5 570
AR A, AbE] Q] ghzel Zkzo|| AR E A AEE, &
EAA(DO), BEESH AL Q7=F(BOD), 3F5H4 Abd 9+7F
(COD), EE4 a(Chl a), 98] FF¥AF 59 EAH¥s-E 24
3ttt FEEE o YFo R 245 S71et9 e, Chl a9
)49 BFZES TR 10-26 mg/m’, 7HE 11-53 mg/m’$c}. 3]
H3lwe] A< 119 219-12¢9 2220 Chl a =7} 138-296
mgm’'2 FA3| Z/WI5.0H, Cryprophyceae®] Rhodomonas
lacustris7} $-A3H= AEZH g E0|9th g3} wojA Chla &=
L= 9%, BOD, DO, COD, pH, T-N¢} ¢2] A3, =2,
712, NOs-NZH= -0 A#aA 7} Q) 9ich. vhd H&Ene] 3§
Chla 3 %= 89 2590) 55 mg/m’ 2 13+ ¥ o0, Chla
=% NH:-N, T-N, PO, -P, T-P, AubAl 23} ko] AuaA S
Hetielch. At ik g3 shRollA AP X o2
9] HFZo| |9 30, 2F WA I Hstwel P&
L Atojo] 2ol 7} S-S HojETt.

ZAtl &

£ A= 20109 4371 e/ Al g o du] A
of o3l Y= U5
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