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Effects of Acute Toxicity of Ammonia and Nitrite to Juvenile Marbled
Eel Anguilla marmorata

Jong Ryeol Choe, Jun Seong Park, Ju-Ae Hwang, Donggil Lee and Hyeongsu Kim*

Advanced Aquaculture Research Center, National Institute of Fisheries Science, Changwong 51688, Republic of Korea

This study was investigated to evaluate the level of acute TAN (total ammonia nitrogen) and NO,-N concentrations
at pH levels of 6.0, 7.0 and 8.0 for 96 h in juvenile marbled eel Anguilla marmorata (total length 209.0+22.02 mm
and body weight 13.0+5.01 g). The result of the present study showed that the survival rate of juvenile eel at TAN
concentrations 0, 100, 200, 300, 400, and 500 ppm at pH 6.0, pH 7.0, and pH 8.0 were 100, 100, 96.7, 74.4, 31.1, and
0%; 100, 82.2, 61.1, 36.7, 0, and 0%; and 98.9, 55.6, 8.9, 0, 0, and 0%, respectively. In addition, the survival rate of
juvenile eel at NO,-N concentrations 0, 100, 200, 300, 400, and 500 ppm at pH 6.0, pH 7.0, and pH 8.0 were 100,
43.3,21.7,0, 0, and 0%; 100, 76.7, 65.0, 43.3, 21.7, and 13.3%; and 100, 100, 100, 88.3, 78.3; and 58.3% respective-
ly. The 96h-LC, at pH 6.0, 7.0, and 8.0 were 332, 235, and 167 mg/L for TAN, and 188, 296, and 711 mg/L for NO,’
-N, respectively. The acute toxicity of TAN to juvenile eel increased exponentially with increase in pH, whereas the
acute toxicity of NO,-N to juvenile ell increased with low levels of pH and lengthening of exposure time to NO,-N.
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AN 2 ol ol ol R A& 4= Qo] tiAlFoll tieh #alo] ot
A3l QITH(Ahn et al., 2015). F-ej o} (A. marmorata)y= $-

ek Al G5 sl o] A5}, F ol X 9ol 4] H-2 2]
AggFo] Qlkar g Qlth(Yambot, 2014). <ol A ¢F4]
&= ol B wiAol S0l vlsl AR ek 9l ve}
9 A ghFo] a1, 54 WiAol et vt At 7| 3 e 5 7
= Ao = HrhE v gl om, T A FalojF o 2 A FHot
AL wigolo] dfat /s e vt ck(Abn etal., 2015;
NIFS, 2017). Y5H2 0 &2 = W7po] oFAl2 7]E2] Z|4=4] A]

[e]

Z|T Sejutete] AR tigh =8 Sfjof| Ba, B geH
QAT e 5O = Qs o] Y AYakFo] THAE| L §laL, o] of w}
o} oFA] Aakoll tigh O LTt obR|aL glom, dAf Wi
W FA o A= T, A, F714, vER 5] FUE T
o] ¥, 17713 AlF o & U %l WiAol(Anguilla japonica)
OFA) o] AlAEFo] S718k= F=Ao]tH(Kim et al., 2008, Son et
al., 2011). 20209 = ¥i7o] QA Ak 9,755= &

3l 20001 2,725:=e] wls ZA S7ksHAAL 2020 A Z o] H7o] o] o] 2|11

O Q] ABARF 34,000 5 WAol= 9,800:=(28.7%)E 2t
Z|SFATHKOSTAT, 2021). Z1eji} Sl 8 ofFAlEEol W
o= CITES (Convention on International Trade in Endan-
gered Species of Wild Fauna and Floara) A4 tjA4=50.2 oF
3 CITES Ao} o]l mhe 34|29l 7o) gt A2 Al

glom], A4 thRE waolsal 0 2 AH% 3k GIek(Cho et
al., 2011, Jang et al., 2021). A4 QFAlo]| A 42T e = AlR
T Bo.R 2USHE ofeleo] gLov], 543 &
ShoThA] gito] oFAIRS whE S ffef LU, A2
oA ARS8 ] wiszoll Akl of of2l&o] ZthkJo and

o
Aol AL e ehof apA] ARGHEA
2]
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Kim, 2014; Kim and Kim, 2014; Sohn et al., 2015a). 9F4]3}
oAl 712 E|Zo] WolAH o] ol H/dAgor AE
g 28t HARS et AR ok, oA B Bk e
1429 tiatibE o] Wol A/dEthDas et al., 2004). T2
2ol b2 FFA o= ool A A st A, A
S e, tiegE|ARe] 9134 = mi-§- o bXItH(Snieszko,
1974; Lewis and Morris, 1986).

S50l A ST oA 2 Ax(total ammonia nitrogen, TAN)
+ o235 ARE(NH, )} Ho] 231 2] oFEYoKNH,)
o] 2712 = EAstHA, o] 23} NH, Rt} Blo|23}
9 NH,7} 53] o] 553 02 4|4 Iri(Emerson et al.,
1975). FAA &l 3lof Ak =% W NH, 55 /5ol w2 &
AES] G4, orim| 9 I8 24| FolA NH, 5=t 57}
stH, o= @ U pH 4502 aaFujatgo] oA|wo] =
2 ff £Ato] dojutbA Eltk(Cheng and Chen, 1998). 5
NH, o]l tgk NH, ¥]&2 pH, 2%, 854k, ¢iof what #
SkaL, o] 7o el A tafell & FIE m| A= Ao Halk o]
Q1 tH(Trussel, 1972; Emerson et al., 1975; Bower and Bidwell,
1978). o] 2] Tl thaprgol A A B f71E Eafoll
ofsf A== ol Ak o) A Nitrosomonas sp. &
of ofsf Akat= A, Aike] |74 B st of| A oFE ik (ni-
trite nitrogen, NO,-N)o| A8/ EIth(Schoore et al., 1995). =%
U NO,-N 527} A5t ojfio] @l ol vjeksl e
24l0] Z7hto] et ojfio) B8NS WAL 7], NO,N
FEz0] WAlslo] of}ul7} 2402 WA T, 1 H 7} 4]
A o] 7] g At A8 4= Qlth(Lewis and Morris,
1986; Sohn et al., 2015b).

TANZ} NO,-NZ& offoll §454S dov|v, FAE
oY(Salmo gairdneri), '3 X|(Paralichthys olivaceus), B2}3]o}
(Oreochromis aureus)s TFFEE o157l QlojA e A7} 4=3
Q3L WAl 7 5 AR Wol(Anguilla anguilla) s ™
0.2 4G A A F QA A 0] e Ho] vk el
T7F B 1% o QIth(Russo et al., 1974; Smart, 1976; Thurston
and Russo, 1983; Kim et al., 1997; Kroupova et al., 2018). u}
2hA] 2 AhE SEA A O] tiAlF o2 A Tl E o]
B5to] FALEI Y] 73S Eelshar i AT QH A ¢l
AT 2R TANTFNO,-N 5 &= Hato| it G454 5
T RS Fgste] 7| 2A R = 2g-5kaA) gt

Iz H A

AI310]

2 o] AGE Tegol FUSAY HRPAUF
RIE O A ARSZ0 WA 2, A% 13.0+5.01 g, 214 209.0+22.0
mme] o] S AL Stk 42 B E] e Aol
TER olgh 5 wisle} AEA AR A% u] 18] 43 4

o3

UXRE] DAsto] A o= ARgatoitt A AEE23

oz FAPHA o WA o RE Eelskglon,
A7} S AL HAPAE A A st 2R ST
HANA = A o7t FIR A ob7hi] 74 9] 2-5o] A= 3L
= o HANA = B skt

Mz

TAN [0} /4 A3t of2d AF+2(D 35 cm x H 35
cm) S47/[pHE ABT3)x FEE AFH6) < 35k 7|
SkE 20 LA A3l pHE =017] fleiMe= gHibeatE
F(NaHCO,; Sigma Aldrich, St. Louis, MO, USA)Z AH8-5t
AL pHE H37] Y34l 10% Fek=4(H,SO0,; Sigma Al-
drich)& o]&3}o] pHE 6.0, 7.0, 8.0°.2 Z=A3}4tt pH =
AL Qe Agofl AFE-HE A2k Loyless and Malone (1997)
7} Ikuta et al. (2003)Z 3150 ARSI, A4 5=
Kim and Kim (2014), Yamagata and Niwa (1982) 4 Saroglia
et al. (1981)°f| 4 European eel Anguilla anguilla2}- common
eel Anguilla japonicas A0 2 o]F oA Hx HIE il
sto} Agstict

TAN == Tok et al. (2011) Z15}0] ol @ ato|=
(NH,CI; Sigma Aldrich)Z A1} % 671 A1%1(0, 100, 200,
300, 400, 500 ppm) .2 L0} 7k 225t 300He] &) 28519
T, A oA A5 G ABE AR AL
ahsict.

NO-N 0] B4 AT E3 TAN 7]o] 54 19724 20]
SUoH ot=E AF (D 35 em X H 35 cm) 5047 A 4
e APt ek AUEF(NaHCO,; Sigma Aldrich)
¢} 10% H,S0,E °|-&3to] pHE 6.0, 7.0, 8.0°.2 243t 5,
oFAHNO,-N) & x+= Jo and Kim (2014)& arsto] o}
AMFEE(NaNO,; Sigma Aldrich)2 AH-3]) & 671 A &40,
100, 200, 300, 400, 500 ppm).©.2 LHro] 7+ 225 300}H2]4)
&3, 2= oFF Al F7FSHA] &AL AlskrE A
2 AFg STt

2 Aol 54 AR 20 Lot d SR04 Adl+= i
skof Ast ot 2o A FAIsH] AAsfiA ol
Qo] 4=2(width 80 cm X height 20 cm X lenght 1,000 cm)of|
£ BT 9] o2 42 AR WAL 585l
=38 o2 5|8 7](DH-220 2 kW; Dachwaeng, Busan,
Korea)& AHE10] 4228 25.041.5°C2 51| 47151
). =3} gk (dissolved oxygen, DO) 27 U5}
FAIBH7] SfeliA ot HF = 5 7l ofl vlAIRE
< 53l ofola A AYste] E7|A[A 6.7+1.0 mg/LOZ
SHA Al
AY AIZF 224,48, 72, 9641ttt HIARA S EHelske] 2| A
5 QHLC,,, Ly, LC, )& EAJ3Hth 4% 712 591 pH
+ o0& =234 7](YSI Nanotech, Yellow Springs, Ohio,

oX,



el Al oo digh A4

USA)Z SAIZF 7+ 0 2 2ASPHA], BFAREAUERT 10%
Fei4 ol 89 2 ART W pHE $7181%5L, 587} DO
T A1 5-A15FA L Nitrite-nitrogen?} TAN == 84|17}
HAO R ARS5S YF|5ho] B33 A (Spectroquant Pho-
tometer NOVA 60; Merck Millipore, Burlington, MA, USA)

Z #A8te] NaNO, 2t NH,Cl AJoFS 718l w5 24353
u}.

AAFsEE A (Microsoft Excel 2020; Microsoft Cor.,
Redmond, WA, USA)& AE-51o] th5-5-414d (multicollinear-
ityy& =A8H3laL, §-214d 35S SPSS (SPSS 23.0; SPSS
Inc., Chicago, IL, USA) programE- ©]-8-3}%t}. pHE 59
U2 Tl 29 AEEo] dAt pHE AfAIT] w2
Wk 2] A} 455 (lethal concentration 50%, LCSO)A A= gl
5}7] 918l Pearson EAa AAISFRITE. E3E, el 4]
ofo] A T £, TAN 52 NO,N f2of wre

&, 71831 pHSF TAN &=, pHe} NO,-N 5= % 7] Al
1}% FI7} Q=R B4 YA o] °J1J$}H*4(Two-way
ANOVA)Z A3, Tukey testZ 21442 AFSH A 519
ou, AT o422 P<0.052 HAst9ch

Jl

z o
L
Aol AR Alske 5] A2 Table 19]419F 2]

TAN 0.1 mg/L, NO,-N- 0.1 mg/L& Lpefih yiaho] ghwnjol
:L/H E/H /\]'Sdoﬂ }(—Ifﬂ-ﬁ]— Eav | A]—EHE 1/]’1:/]‘]’”_]_ A]'S‘J;;I_tﬁ [¢) 94
3 52204 Aol QATHP<0.05). A7 A% 96417k 9k
NaHCO .2} 10% H,SO,= pHE 6.0, 7.0, 8.0°. 5 f-A[3}3ict.

TANS| 50 ME MES

9617 53t Tz Tol A1 HA7E LoluhR] kAT TANS:
A7kt Aol Refgol I HID A, f 3ol
2] ¥ 42§10 Wl o)A SARE LrERRA] HIAlt o
TAN®) S5-20] Th Hej4o] %]o] o] AEL-L Fig. mw
pH60’“f5]-TL°ﬂ/\1 TAN 55 3(100, 200, 300, 400, 500 mg/L)
O A Z8-2 7171 100+0.0,96.7+0.0, 74.443.2,31.1£0.6, 0% =

Table 1. Underground water qualities parameter in this acute
toxicity study of marbled eels Anguilla marmorata for 96 h

Parameter Value
Water temperature (°C) 24.8+1.5
pH 7.50.2
Dissolved oxygen (mg/L) 6.7£1.0
TAN" (mg/L) 0.10+0.05
NO,-N (mg/L) 0.10+0.05

*TAN, Total ammonia nitrogen.
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Fig. 1. Survival rate of marbled eel Anguilla marmorata juvenile
by pH at various ammonia (TAN) concentrations.

UERGAL, pH 7.0 Aol A& 82.2+1.5, 61.1£1.5, 36.7£1.0,
0, 0%%.2H, pH 8.0 A&olAl= 55.6+3.1, 8.9+2.5, 0, 0,
0% 1= {ct pHell w2 TAN 5= AE&2 pH 6.0,
pH 7.0, pH 8.0 H= A3lto A TANS| 57} Zopdas
AZLL olx= AMAE YERHth(Pearson correlation
analysis, pH 6.0, »=0.85; pH 7.0, >=0.96; pH 8.0, >=0.75,
all P<0.05). 3}, pHE} TAN T A28 a7} Qe A
o= Uehon], pHol TAN 0] weh Zefao] xlojo] 4
Z82 o7} = Aoz e tH(Tukey test, interaction,
F=52.7; pH, F=336.3; TAN, F=652.8, all, P<0.05).

NO,-N & s=0f TE Y&E=

pH 5 NO,-N 35-5=0] mh2 96417t 5t o] Ao
TR HAFEAEEA QRkAITE NO,-NE A7k AT
ol Felgolt ol A4S el A SIApE ek,
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Fig. 2. Survival rate of marbled eel Anguilla marmorata juvenile

B

=)

o
pH 8.0
0 24 48 72
Time (h)
—e—0 (mg/L) == 100 (mg/L) =0=200 (mg/L)
-4--300 (mg/L) —@—400 (mg/L) -4O--500 (mg/L)

by pH at various nitrite-nitrogen (NO,-N) concentrations.

NO,-N9 F5k=of u-& Fejdo] x|ofo] HEE-2 Fig. 29 &
ct.

pH 6.0 218174 NO,-N %% 3(100, 200, 300, 400, 500
mg/L)9] AESE 717t 433412, 21.741.2, 0, 0, 0%2 LFE}
31, pH 7.0 A¥Lo)A= 76.7+1.5, 65.0+1.0, 43.320.6,
21.7+1.2, 13.320.6%%.2H, pH 8.0 AFLo A= 100+0.0,
100+0.0, 88.3+0.6, 78.3+0.6, 58.3+1.2%= 21 % 1}, pHO|
T2 NO,-N9| F=¥ AHEE&2 pH 6.0, pH 7.0, pH 8.0 &
 AFA NO,-N9| 57t olaes PEES HolA]
= AHIAE VeERl th(Pearson correlation analysis, pH 6.0,
£=0.77; pH 7.0, P=0.98; pH 8.0, ’=0.82, all p<0.05). E3},
pH2} NO,-N 5= Ao a7t Qle 202 Ueige
o], pHe} NO,-N 0] wah e o] oje] AE &L o]
7} &= AL Z YERTH(Tukey test, interaction, F=61.7; pH,
F=1167.8; NO,-N, F=511 3, all, P<0.05).

pHoll 112 TANOIAS] BHARIAH SE(LC, )

pHoll T2 TAN] e 7o} X]ofof| T3t 24, 48, 72, 96417t
LC, > Table 29} 2t} pH 6.0 AF-LollA] 48, 72, 9641712
LC, 2 7171 2,287, 539, 332 mg/L=2 Wrebstar, pH 7.0 A&
o =24, 48, 72, 96| 7Holl Al 242t 1,368, 655, 317, 235 mg/
Lgle, pH 8.0 A& Lol A= 22+ 630, 324, 278, 167 mg/L
2 gReI= gtk pH 520 u& TANO|A] LC 2 pH 6.0, pH
7.0, pH 8.0 B2= A gl ol A AR AJ7to] F71etol| whef wolA]
= AHA| S YeRth(Pearson correlation analysis , pH 6.0,
°=0.82; pH 7.0, ™=0.87; pH 8.0, ’=0.87, all P<0.05).

pHOIl IH2 NO, —NOIA EHIAH SE(LC,)
pH 3510] T2 NO;-Ne| Refzto] 2]ofo] et 24, 48, 72,

Table 2. LC,, LC, and LC, values of total ammonia nitrogen (TAN) for marbled eel Anguilla marmorata juvenile
oH Time (h) LC, (mg/L? - LC,, (mg/L.) _ LC,, (mg/L.) -
Mean  95% Confidence limit Mean 95% Confidence limit Mean  95% Confidence limit
24 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
6.0 48 541 507 611 2,287 2,140 2,611 4,034 3,759 4,611
72 186 163 207 539 463 595 892 759 984
96 140 134 149 332 324 346 524 513 543
24 353 329 367 1,368 1,284 1,417 2,384 2,239 2,466
70 48 206 148 242 655 549 833 1103 914 1,425
72 121 119 126 317 297 338 514 476 558
96 53 52 66 235 232 243 416 413 427
24 207 188 235 630 530 773 1,053 872 1,312
8.0 48 113 96 129 324 294 371 535 492 612
72 90 54 116 278 237 307 466 420 498
96 51 33 70 167 148 189 284 262 308

*N.D., Not detected.



FEfdel Aofo tidt A 34 =

96A17F LC, <= Table 33} Zth. pH 6.0 Aol A 48, 72, 96
A7FO] LC, & 717k 314,260, 188 mg/L 2 LFERL, pH 7.0 A1
T ol A] 48, 72, 96417 o A 22} 2,113, 556, 296 mg/LSC.
™ pH 8.0 A g Lol A= 242} 7,176, 1,028, 711 mg/LE Bl =]
%t pH 520l w2 NO,-Nej| A LC, - pH 6.0, pH 7.0, pH
8.0 H= Aol A AHAIZ o] S7hEpS WolA| & A
AE YEFHTHPearson correlation analysis, pH 6.0, °=0.94;
pH 7.0, ’=0.85; pH 8.0, ’=0.78, all P<0.05).
oo

YR ok= o 7ol Qlof pH7F w25 540 S716h= 4
5] 91.1)(Sohn etal., 2015), o170} o], 41 4] o] 5
1), WA BT ST AbA 4H], 38 7L 8| S22 Rl
9] AkA 0 58 HAE of7|3H(Burrow 1964; Lloyd and
Orr, 1969; Thurston et al., 1978; Cho and Hur, 1998). o| 2|3t
Aol =21 9f Ao Aol =S 71AA "Hek(P
etal., 2001). 53] & 52 #F2] Yol 2|7} lgo] H
H AW 2B AEEE Q] 25N glutamate) W5 S7HA7]
5, Qhjole] A BAS 2 HaFEe] 2244 1
e Jgoz Qs ¥ W ApgoZ ojojzltiRandall and
Tsui, 2002). o157¢]l 104 NO,-No| 5448 i & &5 @
0lo] kS = A HH=cH(Kroupova et al., 2018). &5 @¢lo|
= 72, DO, pH, =4 =% At 5o wet 544 =7} o=
Al vrehte (Lewis and Morris, 1986), W5 8.210f= 01, ©f
7ol A, 271, 4 7E off Wt eo| uete 544 =7t o
27 YepdtH(Sohn et al., 2015b; Kroupova et al., 2018).
3FNO,-N& ol W2 FY=¥ 3= 2rE vesLId=
Hlo 2 AbslE|of Aba o-ut F2lo] WolA Aka A Aol o]

ox
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27 &o] gA}SHA Fth(Cameron, 1971).

2 AR ol A= Tl 2]ojE 2 & TAN, NO,-Noj| tf
o978 =44 A 3 A3, TANo|| tfgh 96A17F -] pH 5
=3 LC,, LC, % LC, & pH 6.0 140, 332 % 524 mg/L%
on], pH 7.0& 53,235 2 416 mg/L, pH 8.02 51, 167 2! 284
mg/L= 4%}, LC , LC, ¥ LC, &+ pH7} S7}Fgkol| ot
2} LCgko] WobA fiyof 54do] F7kshe A o2 LpEbd T
pH7} 571kl wheh NH, o] =4d0] S71sh= ol = % Woll
Al 2] FEYOKNH, )} o] 2315 R U2(NH, ")} 2] o]
23} B 7] 92 TANo| B3 o|FaL Q1o pH7F A5 Al
4Feto] &(OH) 9] F7te pazol 2(HN)o] A4 eg 743t
Al =0} NH, 7} 8l 2] = of 58] 3= NH, 9| ol 57Fsh= &
AL 7] a1 91 7] w0 2 2k A It Emerson et al., 1975).
Colosoma macropomum’= pH 6.0, 7.0 4| 2] NH, &/J¢]| of
1 2 ARR-2- 0%, pH 8.09] 4] 10-20%, pH 9.0014 100%2 1}
EFtH(Croux et al., 2004). Channel catfish Icatalurus puncta-
fust= TAN E40] tgh 24417 5 LC, 34 278920, pH
7.0914 263.6£11.3 mg/L, pH 8.09] 4] 38.8+1.8 mg/L& .11
51912 ™ (Tomasso et al., 1980), Yamagata and Niwa (1982)
o] A-tellAl+= Anguilla japonica®] tgt pHE LC, 3H 54
3l A3} pH 7.00] A= 800 mg/L, pH 8.00A4]&= 100 mg/LZ
Huste], 2 A9} o] pH7L F7ksHH TAN /0] S71st
=702 e,

Fefro] 2]ofof A 2] NO,-Nof| tfgt 96417t $-9] pH &&=
4 1C,, LC, 9 LC, = pH 6.0 64, 188 & 312 mg/Le0
o, pH 8.0 219, 711 @ 1,202 mg/L& 24 %o}, LC,, LC,,
A LC,, 7 pH7} Fal leEA|7ko] A5 gho] Fashe, =
Kol ZFa A1 Aol LEET. pH7L B4 NO,N 54

Table 3. LC , LC, and LC, values of total nitrite nitrogen (NO,-N) for marbled eel Anguilla marmorata juvenile
oH Time (h) LC, (mg/L? _ LC,, (mg/L? _ LC,, (mg/L? _
Mean  95% Confidence limit Mean  95% Confidence limit Mean  95% Confidence limit
24 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
6.0 48 104 86 115 314 305 327 524 507 544
72 71 55 84 260 241 277 449 426 470
96 64 54 69 188 288 195 312 300 322
24 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
20 48 526 427 601 2,113 1,643 2,470 3,701 2,859 4,339
72 173 161 187 556 494 635 940 819 1110
96 70 65 85 296 287 314 522 509 549
24 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
8.0 48 1,543 1,543 1,543 7,176 7,176 7,176 12,810 12,810 12,810
72 291 278 323 1,028 944 1,198 1,764 1,611 2,074
96 219 211 228 71 678 766 1,202 1,145 1,304

*N.D., Not detected.
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o] FA| U= A2 o]t ob7tm| ol 4] Na*e} Cl =7} 24
3}al Na'/K* ATPase S =7} 74817 wj&o)u, pH7} W2
Aol A= F71 87 T et AdhA §lo] NO,-N 9 =
A Ar7t 271k 43S UeRHTH(Huey et al., 1984; Lewis
and Morres, 1986; Wise and Tomasso, 1988). ‘5A7}(Pseudo-
bagurus fulvidracoys /4 2= g pH %o ©h= NO,-N =
ARl = pH7E Sobell wet pH 6.50+0.3000 A= 12,
24,48, 72, 96 A1 7F+9] LCSO% Z¥7} 155.11, 75.64, 58.20, 50.28,
40.49 mg/Lo| .o, pH 7.07+0.220]1 4 12, 24, 48, 72, 96A]
7ke] LC, & 747} 130.82, 74.56, 63.53, 52.48, 45.85 mg/L&
LrERLE 2 A9 2o B2 pH 2ol A NO,-N &4 o] F7}
3= A0 2 YERGTH(Sohn et al., 2015b).

TANO| 542 olF, 27|, A%, 49 5 o8 22l weh e
2}A ™ (Sprague, 1985), &2 o 7HO] fE o] =405 4
3}o] Hlul sz A2 AtAke] Ad 2 of whet Gk ol vt
710 A2ks] HlaLdh= A2 o] th(Sohn et al., 2015a). NO,
-N E3F o Fof whe} Zpo]7} HAY sk (Tomasso, 1986), NO,
N =42 A8 2 9 ofg A Zo] 5 oy 7H4] 82l
of u}e} 3k wol o) 5 27| we choyet A} Uehht
(Wedemeyer and Yasutake, 1977; Almendras, 1987; Hilmy et
al., 1987). & A+ A= 42, DO, pHe| =2 g tigh =
ARE =Riskgl o U Ak, A, UEER, vhdls, ZE Y
o] o] o3| A &= th-& AFso] UEkd 4= Qlth. 53], oA
2 FM Y 4TS A A= S A AY A2 UE
FHT obait A4S W anEl AerE dEA 9l
of RHE2 Q1 A9l 1} M= SAof ot At AF AA o &fsf
Aglo] 3| ojof ek A o 2 A ZFE th(Kroupova et al., 2005).

Seo et al. (2019)A %= = 714 =27]9] Z4dE(Acanthop-
agurs schlegelil)y & & AN A kol W2 LC, &
ZARH, 22 2] AL Aa T A EolA =442t
A =2 HARES VeIt E3T AAbd Aao] g3k A7)
of wke} xjo]7} ukAbake 0 m, 96 h-LC, 3} 168 h-LC,, ]3]
2 A3} & x| oj(Ht A 71.343.5 g, Bt Zo| 16.1£0.7
cm)7F 28 A (FHt AF 7.140.6 g, Ht 2 o] 7.6+0.9 cm)
of ulaf JeiH o2 o] =2 Ao R ERlEo] £ Tk A
ojHrh= Aojof A o] 2 AFE B Ao g 4 H

2 A FEAE W9 oA tiA| olF o BN e
o] 5 2= pH ' TANSFNO,-N /4 =
Sro = A QFAof| A SR RSk 4
> TAN, NO,-N2 & QIg} tj=f HALS ofj e
50| 7Hs e - e 7| 2ARRE EE8E Ao
A Ao AEE A TRRIA Y A%
Ao} vl2o], 47|14 0.2 2Aky A
Jof 85k of] 2} ool glol K o) =4 ¥
7} g E|ojof gk A o & A7)
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