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ABSTRACT

2 @7 2okd she T H BEE 2-skE a0l tish FotR 7] fisto] 4w et Fafiet Bl YIAIRE Al sHd(BR
SH 1433, AR Sh: 7, wherd) ol Al 2010- 12L=177}X1 AEER JTAENE, d g, ) LS S5 14
4 WO B0 5148 Bh T AEAIZHES Z7HAA 8 SR iz o] Yelo] Ho] 91914el 8 elo] sk Bhe] GoFd B o

a3e ep . 1 9] =4, 71%, XA 2910] A] 1A o5 ol BT Tk A obd mEoA] AATE L A
WOM FASHRE TS gasigl oA AR Aol Saol B, SR 245 514 3 sl i x5kt g
Ot A7 el o= AR, 53] @At thaA Q1 YA ot AAYY A A2 ARl shre 2=
aste Aol FElatrh. Leu Rt it e oWOﬂH FUHE F=7t w2 Aol dRolA stRa 245 557t
woba] = ol FolskA Uehdth GFd T A B o F 8ol Wi, Aol £2 A Btk o852 o= Al
o AR AIZRO) T4l AT, B4 2712 ol ) A BES FeAROM, B 520 2 Q15 AR Ao ofgt Foked A
A F2 FFE sroll FFE T 25K s e w2 BAAAR (D & 7HE § didshrete TEHE 99d A2
Holm F 451 517 Tel SIeA ol2lg E4E mjeah Ho] WAoo,

This study was conducted to investigate the nutrient distribution and controlling factors in small stream estuaries. The seasonal
variations of nutrient concentration (nitrate, ammonium and phosphate) were observed from 2010 to 2012 in the three streams located
in Dang-hang (closed estuary: Go-seong, open estuary: Gu-man and Ma-am). The nutrient concentrations in Go-seong were
significantly higher than other estuaries, because Go-seong is relatively large and has large nutrient load from the watershed. The dyke
located at the estuary, also, caused the high nutrient concentration by reducing the dilution and increasing residence time. In all three
streams, nitrate concentration was high at upstream and decreased toward the downstream, because high load of nutrient input were
located at upstream. Dilution and biogeochemical removal toward the downstream also caused the trends. Especially, denitrification, a
typical nitrogen removing process showed clear tendency of gradual decreasing from upstream to downstream. However, Ammonium
and phosphate concentrations were high at upstream and decreased toward the downstream only when the nutrient loads from the rivers
were high. Nutrient concentrations were low in summer and high in winter. Freshwater discharge in summer caused a decrease of the
residence time and increase of the transport of nutrients to downstream and reduced the nutrient concentrations in the estuary. Nutrient
removal by the biological production during high temperature periods also affected the low nutrient concentrations. Small stream
estuaries showed distinct nutrient dynamics. It is necessary to understand these characteristics in order to properly manage the small
stream estuary.
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2712} sjoge] HolAuel AT 1AL Ko e HUE TS oot B B2, sje et o of
2 $ TR e 7 S48 UehiichFairbridge, 1980; Sharp er al, 1982). SHAI%Hol2ih Skl 13 2|e]
2% wAIsh R el nfet 40 2R e B §lo] A 2750, 49 Sk 9 4 k] S0 B0 2 ofg ¢l

]
=217 L
SrEEo] T/ E o] F@eet sl weh 9l -frEo] HiskaitiJickells, 1998; 9F -, 2011; Chang ef al., 2012). o]2{?t Q1912 Q1
FFO = el ofu] W shol|A 2|8kl o=gto] Hijo] St AeAl] RS F= 8T Il Y T E =
7} &@_Q_ﬂ h.om, olof| thgh oofli= 3FF A WIS ASsk=tl] B2 o|thJickells, 1998; Liu ef al., 2003;
0

FFHE-2 Ak © = H] H =2 75{non-conservative behavior)= H o= B2 24, 40| A stH-2 F-AEH o110 =
22 IP(F Y, 24, Aok ) 2 AR skeH Sl ool Al A= A 2S5 Eth(Sharp er al., 1982; Sharp et dl.,
1984; Kaul and Froelich, 1984; # -5, 2004). G o] 5ol FFE n|x]+=F9 AR|3FHA 1 of = A=A o] x4ttt
nE 0] Eolalgo] ik sh= {9l FeES T2 LAYt ool S/ A A= 1L, mAEEol| ofgt R =e] AldEst
£ 5l A5-3H K Cooper and Cooke, 1984; Gumbricht, 1993; Herbert, 1999; Arheimer and Liden, 2000). “I& &9, 24t
FRE A2 -§E T A4 - B 9 o5 ool AlA H Fa = vEe] ditet iy 9 S A0 28-S Rk’
s TS Foll 2t (Herbert, 1999; ©1 -5, 2012). FARRPES {71856 AAAH dRgo] He|2loto] o5 ot
At dited o] FHIE Aol = A o & T2 AT SR 971/ 2ol At (Herbert, 1999; ©1 -5, 2012). B
A= FAgo] AR -EAIR o= 7 = Eolig o & it obaAt S Alstol d At HAa kA E| = et
o] A4S A A G H(Herbert, 1999; Royer et al., 2004; 515, 2011; ©] 5, 2012). 28 4-5h= 5P UjoflA] dapiite] o]

+ A4 F¥(Reactive nitrogen)S £45] A|A5E7] wlizol @Easlol] 3 A4 JFH AAE shtolld GAAS
2745 4= 2ItKGroffiman and Crawford, 2003; Royer ef al., 2004; Mulholland ef al., 2008). & F7]91-2 F& 91Xk o] FEf
= EA6PH st U] Fd A=l ot & 9 ol ot Alsgt el B-RrdAEd el 2 3 gt ofel 55 H
AAEHET £, 2003). AHHL Hollk] T2 dAtehs, eibdesit 42 Fa g adel §2Eo] 7|49 0 & o|st
™, o] oh= &<t ol o] 2xe] Aol ool S2FE|oIQlE Qlitedo] E3teh= Ao ® A A UK -5, 1999; Arheimer
and Liden, 2000; 717} 7, 2009).

ShhE 2 o= Qlsl dagAtel ofsl A7 7ol HiF-E s ElAE = ARt 18 B = st 45
Thope} B S &
Utlay et al., 2008). 30l G2t A4tol] oJsf /4 7152] °F50%7 | =20l A Eoli=™, B 230l Agite 444
0] 0-80%7} A= EF = A4kl 220t Cowan et al., 1996). ©|2{3 5FH UiolA] dofuh= thefet =24, A 2| okek4] 2}
ol ot YA AsS meloh= 22 s AAHAIE olslfoh=tl] 42?1 F2o|th(Kaul and Froelich, 1984; Herbert,

1999; Huang ef al., 2006).
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Cooper and Cooke (1984)2} Gumbricht (1993)-2 td 4=

QolA] AFTH of ] Aol E6lal Shie AFAA Q1 Hol(FA ol ofet Beret siiete] wel, T Flw, - W
Sh7hE o=, YFH SHEIOlA Aztell ofRt FE Tsr] of et 3tolth(Sharp, 1982; ?F-5, 2011). A7} o 2et
S 3P = T oht 9= lE o] 7] wihizoll A5k shtof| A o] At AL gl Aol A5k skt T

o] Bt 4lo] €7 wizol 5t o el - Bl A= 1 A4, 91 e8H(benthic-pelagic coupling)©] 583 <

= ot 45k SIHE apAoR HeEsh| floliie 75 ofEt £5-EAEY] A olsid Bart itk
(Herbert, 1999, Clavero et al., 2000).

2 ATo] 5242 dofloll ARISHA| 7] A5k sH-0] YU A5 olslish= Aotk I FEE(F=EAN) 0] §l= Y

Skpb AP} gl Bl Shol M 5% g W B4 RS ol §5to] 45k Se] Jod RES A= 8]

AT X8 AA T ATl YRR 45HE SRS, U, DA R niebdn ke getns sjEo g
EZo] YA AL AL BFREE 705 FE YAl 3o Al A H o] shde= G R FrAHth(Fig. 1). Al 5t
A SAGele 2 e A7 QI A A 0 2 AL et A7) 2 o] 2olA Qlek 4o WAL nokd, abd, wAH S0
= 7}7}20.6, 34.2, 19.7 km’0| 1 5151 2.2 11/33d0] 7F Ak 51 FRIZ| 0] Q17 Uimde nlobd, vk, w4gd 747t
2,200, 5400, 21,000 .22 143740 QI =7} 7 =TH S5, 2011). RAMAIZ 159 2
A2 o] 2]l HFELoLt, 20118 1199] 49 7Heolw Batal 73-¢-afo] Wttt

Al sP-e A=l A4 o & 7L 544 SFd 0 = o - El= 35 0] AR RIZA o -7, oF 359, tE LA A
Al o] 2po] S LFERQITH ST 5, 2011; Lee and An, 2015). TAJH-E shR0] vlj4=7120] ZA6H= A ZA71 2] 5] of

EA R 23 sht, Heot o] Eeto] AAbA 2 AP 720 250l ¢ ot ta A o = STt
| 502 AR H7| % SFATh(SE 5, 2011). a/dH o folvhe a2 Agslret W87 loH, 79Hd o] -9
1 |4 sl frelo] -2 2FAIRtet. /8702 WA 9] ofRko = miel, ko] vsl tad YapiAEArel

=
=]
o] HAo] oF 391l B A| S5 THLee and An, 2015).
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apePd, THEH, 11785 o] ARl A SEREA] 5 B R A S Yotk ] flol 2010 8DHE 2012E 29712 &
102]2010 8€ 23], 119, 20119 29, 5%, 8%, 9%, 109, 11¢Y, 2012 2¥)ol| ZH FAFAS 535t upetdat
TEAAN= A7 1 kmE o= YU TE SIS, A2 U EA A A7 4.5 kmE IR 5 S
“golSith(Fig. 1). & 2770 AR (P 9 - 22 770 A,
= A= 7ol 242 Bl(Whatman GF/F 47 mm)E 08510 ofwket & 74 AJ71A] -20°CE YE Haslet 94
-2 A S ARSI =T, A A (nitrate)2 Jones(1984) 2] HH-S- ¢F - E(ammonium) 2} Q14+ (phosphate)< Strickland

and Parsons(1972)2] H|AH-2- o]0 53T

Y

37 1370 Aol B A RE Ao, 5

R

A 352 BAsFeH 27
E|Z = 0] 23614 1148 otk 7] $15]] 2010 8D E] 2012 29714] & 722010 8%, 119, 20119 2%, 5%, 8
A, 11'Y, 20128 290l ZA ulFE(MA6, MA2, G-M)TF 7A433(GS19, GS3, GS1)0llA] Al A Aelsto] B Z1E Hjok A]
22 YH51thFig. 1). BRE A2E 9715 B3o] £33t ol E Ho|(20] 22 cm, WA 4 cm)E o] 85to], A2A]7]9
A 12719 Al =5 A5t oW, vl Al ot @t FAlol Aaestaih. 2 rloll A 3ot 2Lt i, 215

A er s 24,



el A5t o5 AP 11 5, FHAHE4S 9lo] 59194 F2492191 0.5 MO Na"NOy (98 atom % “N)Y=

A7 Fste] Bl FSFATH FE-5 = 7= + 100 pM). -5 EJ215-0] FAtgo] d&stA &9t E mi7lx] 712 "I 71E o

-8510] 12244171 7 & A8l Y(pre-incubation)= SFL, o] ol A St EAE 25 AR A B4 FojE vl

ye HIE A, YR = B& 2frkstod HljeFsaitt.

Aol R -8 Z1H|(0s, *No, PNo, *No, Ar) 2] 512 HSh= 8 50, 1, 2, 24A17H0] 2 ff T wljoket Fof 2719} oF wjok

SF 012719 45 -8 7| AE MIMS (Membrane inlet mass spectrometry)A| A 1S o861 S5 TH T 5, 2001; ©] 5,

2011). MIMSOlIA 5785 -8 714 ‘se= FE 71A|)] of22 7FAn) 9] HlE= UEigie. ZH-8& 71419 vl &2 B

-£9H(20°C, 0 ppt2} 20°C, 30 ppt) T} B W5l 58 FAIEIIT BT PN,eH N, 9] 35 B2 7 isotope pairing
technique (Nielsen, 1992)& o]-8-5to] 1513, 01, =212 thaah Lt

Stk wijoF Al AAE 127 Fo] F 67l = ¥(100u Einstein m “min’

T @A Sa =Dy +Dis
Du=n("N, "Ny 20("*N, *Ny* D5
Dis=2n("N, "Nyt n(“N, *N) (1)

Dis = "NOs & o- 83t 24513
n(“N, "N): *N, ZI-E(N-equivalent)
n(°N, "N): N, 2H8E(N-equivalent)

FUEE Hre YYFe TEoU, s4ske T SFd Wl YUE 7E0l Satt dge stkes, sk
2 A%t o7} Qlek. % 2ALeA S7SHA] SRt o Hd2 A 8 AR A A 71 2l AE o) 8
Zstolrh(Fig. 2). RPAY} FehH o] 714 9 Wi 72 1997-20061 AR (A HE, 20085 ©1-80HA, 1149%
82E0 1968-1991d A E(ALTEE, 19932 o] 8513t 702k 7|4 222 o] 851t} 27 AlZtE] 7 94 A]
o] Zel Fofl feFo] S7FHLE(4] 5, 2001), ZAZITHERE Al sFd o] e ol Sl Aol @A =7 7
o] A9 A9 FS didste] skt
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5 %
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24 3| &AM
ZAF A7 Al sEERP, 7REd, 11/97) 9] (A, i, ity s s 2lo|E BAIA 0= dol 7] SIsiA]
SPSS L& T3l(Ver. 12.0)2 ©]-85}] Aulj2] EAHLA (one-way ANOVA)S =851t 512 G4 a<0.05 5

©2 §Ol8ME (pvalue)?}0.05 olah & 1] 517 7H 5} ol 2ol 2 melrkn pealgcy.



6 ° "The Sea; Journal of the Korean Society of Oceanography Vol. 22, No. 1, 2017

3.2

3.1 SA|He| 51 REF =4

I ABE 7122 A 51 0] G 79 A= uiebd, TRk, 1433 Z4240.1-2.1 m/s(Bt 1 0.7 m/s), 0.1-2.1 m/s(Bt -
0.7 m’/s), 0.0-7.5 m*/s(BF : 2.0 m’/s)= A= QTKFig. 2). -G5S AWEA 0 2 of 2] =31 A-Lof Lhont 2011 1190
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A ma (A)
6 * GM
GS
41 GM MA
—U? y =0.0042 *x + 0.0223 y = 0.004 *x + 0.0227
N 2 =l
2 R =077 R =0.77
£ *
[
S , M
m 2 T T T
= 0 100 200 300 401
z Precipitation(mm)
k=]
» 8
2 == MA (B)
‘g" - GM
£ ®i=—=as
[
o
[T

9 Aug. 11 Aug. 20 Nov. 9 Feb. 1 May 18 Aug. 15 Sep. 12 Oct. 20 Nov. 3 Feb.
2010 2011 2012

Fig. 2. (A) Relationship between discharge and precipitation (monthly mean) (B) River discharge (m3/s) of three stream
estuary (Ma-am (MA), Gu-man (GM), Go-seong (GS)) were calculated on the basis of the relationship between the past
monthly river discharge and 7-day antecedent precipitation.

RSP 5% AT, P, Q1A i
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gtk A = AR 1 SHRE R Ue HR:
0.68-0.81)y2 X 31.0m, TA(150-350 uM)©] TFFH(2.2-176 uM), T7HH(4.3-209 M) E Tt = THFig, 3). FAFAIZ71E A
AR F AL AT EH, Al 2o B AReeto] A2 B A& E Frt w8kom, 3eko] @ of Fof Wglth
AP 119 ZAfo| A 7o) At s o] st 71.om, 19 20113 59 ZAPIA =2 55 B THFig. 4).

A 5 G4=0] i 5 GA] TAAH(47.1 uMyo] uREA(6.7 uM), 7H(19.7 uM)HE TH =3t CHFig, 3). 3P Ss
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O] I S1E Hehillct. 7 R 5= TR 20 pM ofsk= e AT 7 2ot 2577 hds= GMeoll A =7t
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Fig. 3. Concentration of nutrient (nitrate, ammonium, phosphate) with distance from the upper most sampling station in
three stream estuary (Ma-am (MA), Gu-man (GM), Go-seong (GS)) from 9 August 2010 to 3 February 2012. Error bar indicates
standard error (n=10). (@ : nutrient concentration, A : salinity).
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Fig. 4. Seasonal variability of average surface nutrient concentration in three stream estuary (Ma-am (MA), Gu-man (GM),
Go-seong (GS)) from 9 August 2010 to 3 February 2012. Error bar indicates standard error.
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A 219 2] Q1A 5 BEAGFE Gy 0] B At -G ARSI nield o] Q1A 455 =0.0-.6 pMe] M2 Lt
ERE, 7B ] Q1 S 0.1-8.4 uMO] FISIE HYoT o] 5 F sl AR oA 5171 243t A Ko
2] FITHR=0.28, 0.10: Fig. 3). TFH 2] QA e t= TR 2] ol A 1 M o]t .00, F9Hd 914k S5 e=2 Mo
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Go-seong (GS)). Error bar indicates standard error (n=3 to 11).
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Fig. 6. Seasonal variability of denitrification in Ma-am (MA), Go-seong (GS). unit: mmole m’ q7. “up”, “mid” and “low”

represents locations of the streams.
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=
H2 Al 5ol FEEat AFH ] Bl 5 W YU T ko™, -5k 1 Ei A gl 7P SRSt A

- Ax}A © 7= dl4=efe] 5]4] 0] ko & THETHLiu ef al., 2009; Chang ef al, 2012). 71 9]0 5P Y A 2233 E 1

g @AptEAtel| oot o8, 2 aelel 2 A AT S0l shrz A5 W2 FE Hol7 i (Newbold,
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=ollA 50& Fg0] Lo AANY 0 2= =5t Aitehrgo] k. i obEitd ol At Tt
A4 FoFof vls] Az F3o}ol| A2 o =]7T Q7= o] =Sl A] $4A 0 2 S4ETtHMcColl, 1974; Kaul and Froelich,
1984; Moon, 1989; Rendell ef al., 1997; Hu and Li, 2009). T3t s o] e 2| dof| A= ZAts} A o] Slslr] Z1) %t
(Peterson et al., 2001; Hu and Li, 2009). U}FH-2 AFRO|A Q] H L7 5] o tiE 55 B3 of| FFS v |=-3g33t
A|A 2go] EAfste] AFolA SHR7IA A g 57t Ees] Harshe ks HolA] gtk I4Hg-2 At ofs]
A|AE B ol 2t B-g-E4 o S35 o] A| 7 F thKaul and Froelich, 1984; Huang et al., 2006; Liu et al., 2009). TF 1t
Z9] QU s A AR 2 FE R Qlofl 3RV SR A RS Ve A ¢ii
Al A= S F7taA0] Hake Hol= 79 0=, 79 GM6 4 137 /ol Al vretdt. ol2igh el

2 AR DG S FRL 7H B RO BRIk 1A ] oy B sk F 5k el A o

(]

o

& OFtE 2] Woll A ARt A1R7E R 2ok fEA A= Aol o] £5] A2 7kt A 2Rt 52

GM7ETH JUH F7F=3keH, o2 A7) Agskr7t e 2 o= 7% th(Day, 1989; Hobble, 2000; Liu ef al.,
2003; Shen and Liu, 2009). 7737 A72] 43 7+ 44 H 520 & Wik oh-0] g S 2ok F == 5985l
g7l 05 weker o] Hiof| 2|5ke-5 F1t YA Fdol YoM ERt 37 HES HRAIE 2 0= o EL, = At

A 11 FF A =E mefsiAle ESHAr A 5, 2005).

x

r{o 1

S 45 A9 T sH 7 AT, 25 oll olsll 2=, o2t 89150 Y sk B wiet ohE
LS WERHTK Shen and Liu, 2009). 45HA] 0 2 12 -{3k0] Al 2jolofl ofet A, 7kt Ao A2 -Fahd AlFAl
7HS 377131 S-S ABIAA FFE 57T 57T Fig. 2(B); Jickells, 1998; Arheimer and Liden, 2000; Chang ef al.,
2012). ¥hdo] thA|= o] B o 582 AB75-] dFo = Qlof thdo] g dol skr= olsstalom, drid s
AFAZEo] ZHAsted 5P St W 9 o] S 7F WkRoyer ef al., 2004).

ZAIR] 0] A A5Ed0|A] A7 0] R ok B = i 2 ol Sol] Wl 718 ALl =9LO H(Fig. 4), G50] 2F0.2 m’/s
Hop AglS ol 557 =0, el S7hetel whet 5o skl sk thFig. 5). e Rwoll BIsh A= A ctol ol Al
A7} oha oFel| BEA 755 Holw A2 45 Hollxl Aitekatol| ofsl] m=A] @45 o] S AR, ol B



A W2 F2E]7] 2o B2 55 HQItk(Sharp, 1982; Sander ef al,, 1997; Peterson ef al., 2001; Royer et al., 2004; Liu
etal., 2009). “1212011'd 5ET} 1192 F0] Baolle G4 w7t =8k=t, o142 599 749+= BUi7| A7 st
AREH v 7 So] 790 o5 G- A= A(S, 2006; A 5, 2008), 1192 ZA} 21 Hof] 9G-S 7E-2(2F 100 mm) 2 15
T S B Aitdo] tke 2 57| wlEY Ao|th(%, 2006; Li er al., 2007; $F -5, 2013).

HRE T G 7 oldd W, A= frgdoll BAIglo] 7det kS YetIl=d), ol the dAagd ol HIs
A2 - 0 & Sp5]7] dizol s iol| A whEA] A A= $17] wiiZo]ch(Sharp, 1982; & 5, 1999; Herbert, 1999;
Hu and Li, 2009; ©] 5, 2012). QIATE S = A E e oA Q1AH SA] sPd o = {9 = A=/ 4tel 9
) AA =T, EZE] HA Z2F=] o W2 A Al AE K Rendell ef al., 1997; Lee and bang, 2000; Hathaway e al., 2012).

-2 230 AAFFE A=A ot YUA AAE S7HZI1 B R, sPd fdat 9 et tlEe] AR E sPd 9dE &

Z4-2] @910 2 THEIth(Sharp, 1982; Herbert, 1999; Arheimer and Liden, 2000; Shen and Liu, 2009).

E| 23049 dFACEATD)AA

A= 2, A B TR0 g, AT, FE ol ool 2 EH, P g0l mhE EE Ao A
2] M5 U Al F7HA zpo]7F Aoal A=A QIthBillen et al, 1985; Seitzinger, 1988; Herbert, 1999; Royer et al., 2004; Fear et
al., 2005; Wall er al,, 2005). E}FAT} T34 8170] A4 7 A4S 0] 20 =1 AL0] YoithFig, 6). olela Yole
29| Frko = T AFE2 AdiE o 2 A Fhert WEaellk Etolal 20 ol G Ast HhE|g]ote] 41X
oAt Fx1Eo] APt ST Bt o5 f71E woli7F Sl whet dAks) - 2 ast AAIPY(Coupled
nitrification — denitrification)°] *sto] AA4tet yHA o ool F55 AAit¢o] o857 wjzof @A =0 E Aoz

THHE T Seitzinger, 1988; Royer et al., 2004; Wall et al., 2005; Mullholland et al., 2008; 5] -5, 2011). BFFy} 117374 o] &4
A0k 0] SRR L= ANEA] 0 2 Aok Eal shRellA] Rlth(Fig. 6). 4, sHr 1 2 Askao] Afol= At ot 4
2ol ot FaFo = FAH oFd 4ol sl EAFAS ARl BRoIAR oFR & ol s S st AAash
Tlo] &4} o] 8E) = Ao ZhAgT K Seitzinger, 1988; Fear ef al.,, 2005; Giblin ef al., 2010). T3t GEo] =S
&gl S2tE o] Jld fgo| gztE o] Aitet vie|g]of E5-2 AANZ]1L, FEol =25 B3E w7 575
DNRA(Dissimilatory nitrate reduction to ammonium, ZAtE—H )5 SXIA|7| 1L Aitshto] SAE| B2 AfqFof v

A4S YRS 7] 0 2 THHE T Seitzinger, 1988; Giblin ef al., 2010).

AFA|Hol A YA 5= ARHE 7 Ao mield, 7R H =3I (Fig. 4). 0122 /g o] thE 5ol H
S 1 A o] I TR WEOIM 5987 232 o & frEd ol wet Rl thige] Yol sEE]

l
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Fig. 7. Nitrate loss rate (-A) in small estuary in this study ((A): Ma-am (MA6, MA2, G-M) and (B): Go-seong (GS19, GS3, GS1)) and
Large estuary ((C): Seom-jin (SJ1,SJ2,SJ3) and (D): Young-san (YS1, YS2, YS3)). Note the scale difference in the each panels. N.D.
means no data.
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