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Estimation of Mass balance and

Carrying Capacity in Porphyra Farm

Jihye Park

Department of Ecological Engineering, The Graduate Schoal,
Pukyong National University

Abstract

Seaweed ‘aquaculture '1s very important industry in Korea for last
decade, counted for over 70% supplying the total coastal aquaculture
production. Seaweed is ‘a favorite food in Korea, the attention to the
seaweed has intensely increased especially when it has worldwide known
as one of solution-for carbon dioxide 'increments.” Jeolla-namdo has known
as the largest Porphyrafarm.in Korea, however-recently there have some
problem while the farm facility has increased but production have remain
in the same number. This condition represents the decrement on
productivity vet study was not performed since 1990’s in this area. Some
references reported that decrement on productivity was caused by low
nutrient and the effect of excessive on farm facility. Therefore this study
has conducted to estimate mass balance using simple box model. The
result of this study shows that calculated N, P value contained in

Porphyra production harvested was 201,558 kg for N, 36,012 kg for P and

_Vi_



estimated from mass balance was 342,601 kg N, 38,295 kg P during 2
months (Jan.~Feb.), respectively, at Jindo-Haenam, a part of
Jeolla—namdo. These studies also performed the estimation of nutrients
harvest and Porphyra by calculating the concentration of nutrient inside
the farm system comparing the minimum required nutrient for Porphyra
cultivation. The results of additional harvestable nutrients were 82,719 kg
for N, 11,242 kg for P and estimation maximum Porphyra production was
34,481,407 kg, 32,079,962 kg Porphyra (wet wt.) for 2 months,
respectively. Lastly, output of this study was expected to be used as a

sustainable management of the Porphyra farm.
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Table 2. Production of coastal aquaculture in Korea (M/T)

coastal aquaculture seaweed Porphyra
1980 - - 56,274
1985 - - 109,819
1990 772,731 411,869 97,637
1991 775,419 445,626 143,945
1992 935,478 579,963 163,555
1993 1,038,119 664,318 235,272
1994 1,072,126 750,197 269,581
1995 996,451 649,099 192,960
1996 874,810 538,990 166,199
1997 1,015,134 647,843 140,236
1998 777,230 469,769 191,578
1999 765,252 473,672 205,706
2000 653,373 374,456 130,488
2001 655,827 373,538 167,909
2002 781,519 497,557 209,995
2003 826,245 452,054 193,553
2004 917,715 536,748 228,554
2005 1,041,074 621,156 197,610
2006 1,259,274 764,913 217,559
2007 1,385,804 792,953 210,956
2008 1,381,003 921,024 224,242
2009 1,313,355 858,659 211,444
2010 1,355,000 901,672 235,534
2011 1,477,546 992,283 316,428
1980(1990) : 2011 (191%) (241%) 562%
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Fig. 3.1. Study area.
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F2 F Aoz AabEal iti(Table 3.1 7 de4kabsbed, 2011).

Table 3.1. Geomorphological data of Jindo—Haenam

Area Average depth Volume Facility
m? m m°> m?
196,412,492 8.09 1,588,977,060 20,401,480
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Table 3.2. The

List of acronyms and definitions for budget

estimation

Unit Description
Agys m’ Area of the system
Aua m’ Area of the Uldolmok
D m Mean depth of the system
Vr m/s Residual-currents-speed_around Uldolmok
Vs m’ Volume of the system
Vi m’/month Load influx of Jindo
Vo m>/month Load influx of Haenam
Vx m>/month Flux by water exchange
DIPoen mmol/m°® DIP concentration 'of offshore
DIPsys mmol/m’ DIP concentration of the system
DIP; mmol/m® DIP concentration of imput point source from Jindo
DIP2, mmol/m°> DIP concentration of input point source from Haenam
DIP; -, mmol/m° DIP concentration of input non-point source from Jindo
DIP;-, mmol/m® DIP concentration of input non-peint-source from Haenam
DINocn mmol/m® DIN “eoncentration of offshore
DINgys mmol/m° DIN concentration of the system
DIN;-» mmol/m°® DIN concentration of input point source from Jindo
DINz» mmol/m® DIN concentration of input point source from Haenam
DINj-y mmol/m® DIN concentration of input non-point source from Jindo
DIN2-y mmol/m°® DIN concentration of input non-point source from Haenam
ADIP kg P/month Positive or negative changed internal DIP flux
ADIN kg N/month Positive or negative changed internal DIN flux
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A=) A2 1Y 3316 psu, 2¢ 3346 psy, 349 33.29 psu= UESES

e RS 149 33.33 psu, 29 34.24 psu, 39 34.15 psuz YERYE

X

Ala"le] JUdd T 2/ AHe] FEE Hrdk Aew DINS 19
10.84 mmol/m?, 22 821 mmol/m’, 3% 4.88 mmol/m® = L} ElaL, DIPE= 1
4 056 mmol/m®, 2¢ 0.47 mmol/m’®, 3¥€ 0.24mmol/m® & LEFRETE T
o] DINS 149 12.14 mmol/m®, 2¢ 8.35 mmol/m’, 3€ 6.74 mmol/m® & 1}
Ebykar, DIPS 149 0.66 mmol/m?, 29 0.49 mmol/m?®, 39 0.35 mmol/m® =

CFEFTH(Table. A.1).

4 Aol b S 7)e) 1-390) ) BEANE nu, $E
FaoAE vad g Ao Ggel Ao Jow Mol v, 4 %%
Aol A 19elA] 3R A4S JFdol Pashs AL & F Ak o
27 A FAL A GAW, 4 G| 9 JFo Aske] JFYo]
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Table 4.1 Salinity, DIN, DIP concentration of offshore and Porphyra

farm

Offshore System Uldolmok

Item Jan. Feb. Mar. Jan. Feb. Mar. Jan. Feb. Mar.

Salinity
3333 3424 3415 3316 3346 3329 3267 3271 3262

(psu)
DIN
3 12.14 8.35 6.74 11.71 8.29 6.15 9.57 1216 10.26
(mmol/m")
DIP
3 0.66 0.49 0.35 0.59 0.48 0.30 0.78 0.85 1.00
(mmol/m°)

2. %4 79l A

g S WA A 13 A= 20109 1149 1292, 9% 229
cm, AEF 32 en, 5 H 099 g, AFHEHL 015 g2 TFFE&2 85%A}. 23
A= 2010 129 2292, G 149 em, % 6. Ton, 5% 111 g, A
% 010 g, &S 92%E YEHAT 33 AFH = 20119 19 11 =,
A 213 em, 9% 65 en, v 201 g, AFHE 023 g, FFE2 89%H
o 43 AHE 29 1792, 9 230 em, G 71 em, v 1.90 g, 7
S

0.23 g, &2 8%E YERTE 53 AFH+= 39 149 =, 94 236
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em, 9% 91 cem, FF5F 246 g, AT 031 g2 FFES 87%3vHTable
4.2 = HFASH, 2011).

UEE #2719 2 QAE Aol 20 cmol oA oH, Foge A

Table 4.2. Characteristic of Porphyra in Haenam Porphyra farm

) Moisture
Length Width Wet wt. Dry wt.

content
cm g %
2010. 11. 12 229 3.2 0.99 0.15 85
2010. 12. 22 149 6.7 1.11 0.10 92
2011. 1. 11 21.3 6.5 2.01 0.23 89
2011. 2. 17 23.0 7.1 1.90 0.23 88
2011. 3. 14 23.6 9.1 2.46 0.3 87

ald A FA ol A 1~3dol A7 AFHE A dAE £ 2
199 A GA ©@#A0) w2 2786 mg/g dry wt., 2AN) 5%+ 8.5
FET 126 mg/g dry wt. Atk 2499 7 9GA ©A F

= 2691 mg/g dry wt., 24 FE+¥E 713 mg/g dry wt, 91 TE+E 130
mg/g dry wt.5 e, 3¥€2 1 A g4 F 2524 mg/g dry wt, A4 %

= 56.8 mg/g dry wt, ¢ TE3F 126 mg/g dry wt.3ltHTable 4.3).
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Table 4.3 Contents of Carbon, Nitrogen, Phosphate in Porpohyra
(mg/g dry wt.)

C N P
Jan. 278.6 85.5 12.6
Feb. 269.1 71.3 13.0
Mar. 2524 56.8 12.6
Average 266.7 71.2 12.7

23. =9 A4 9o nla

Giordanis= Saccadi Goro lagoon®] Ulva bloome] ¥dojyt 3€~74 &2
A AR L 93] Ulvagl C:N:P:= H3f 335:35:1(Atkinson and Smith,
1983)E 4839 . Wostene. Vietnam® Red River Delta¢l|#] mangrove

R Ao A EH 47 AAAS 93le] mangroved CGN:PZ 300:10:18 2483}

2
Fche AoE dddrt 2o val, & ATl A JAE FA8 A=
moleH] = 54:12:1¢]9 W4 N, PE ®o] F43= AS & 4 UG
(Table 4.4.).
A3 (19779 ke wE2d AA

02~0.8% Ax Frslo] o, S G54 gL 79 gloy o] 7o A
ol A8 holr|= AN Aavt AgEAE A £ Qlo] gagt 2 <
Tl Aae AA A

=
dukAl g3 A2 '4A 400 mg/g, A4 20~70 mg/g, ¢! 3~7 mg/gl.E
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G glon, B AT FrAoR B

mg/g, ¢l 13 mg/g O & Erhiol vaf dief Q19 ko] =& AIE B

t}. Hafting(1999)0l A &= A A2

Bool e e NP9} vl w)sz3k
Ui slede] A GA AR 2AF Aot U9 £33 AN

, AA7MAE A A xS vl dA g} uhEkA] NP ratio

B
2
Z
g
~
2
=
rir
—
w
I
—
()]
f
re
-
Rt}
2
K

‘P ratio®} v

Table 4.4. Comparison between other study of C, N, P ratio in

seaweed (molar ratio)

C N P Refereces
Atkinson and Smith,
Ulva 335 35 1
1983
Mangrove 300 10 1 Tri‘et al., 1999
Phytoplankton 106 16 1 Redfield, 1958
Porphyra 22~52 1~10 1 Kang and Ko, 1977
- 13~15 1 Hafting, 1999
54 12 1 This study, 2012

_24_



3.1. §3oNA9 4F

ojy

i

47

52 BT
TN, TPZ

FeFo- 201070+ 9 =;

5

DERE

g (kg/day)

9

al
=

st (kg/day) <

e

=1
=

R R R

39 tH(Table 45.). i

s

th AL

1=

F 4392 mm o, 149 128 mm, 29 217 mm, 39 327 mm=

o =
T

&

N

34

14

Folvt B

S

#3871 mm =,

o

[e]
&5

&

= A
= '}

106 mm, 249 206 mm, 39 252 mm = 717} 3%, 5%, 7%

o}

AT,
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Table 4.5. Load input TN and TP in Jindo—Haenam Porphyra farm
(kg/month)

Jindo Haenam

Jan. Feb. Mar. Jan. Feb. Mar.

Point source 22596 20,409 22596 57,660 52,080 57,660

TN
Non-point
10,414 1766326596 31,260 60,520 74,106
source
Point source 4,648 4,198 4,648 7,565 6,833 7,565
TP _
Non~—point
797 1,352 2,036 2,435 4,714 5,773
source

, T, B 2011d 7E~2010d7E kA, 1d F9ke
37 DIN/TN, DIP/TPE ZAatsldoh Alstd el Ha#u s o83 A

DIN/TN= 69%, DIP/TP= 40%& 283k THE 7 5, 2012; Table 4.6.).
201091 3€5-E 2010 129744 9] ARE EdE Qe A At
B vlwskdeh 1 B3, SR sk DIN/TN 66%, DIP/TP 31%, ¢
Towehwte] §9938Hd DIN/TN 51%, DIP/TP 42% % eyt o (S =4k
#}stb, 2010), ¥ <7l &8% DIN/TN, DIP/TP £ #2319t
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Table 4.6. Nutrient data in Gangjin, Gunwoe and Tamjin river

Gangjin Gunwoe Tamjin Average
TN (mmol/m®) 125.83 45.41 86.07
TP (mmol/m®) 1.75 0.73 2.01
DIN (mmol/m?) 96.42 23.30 62.65
DIP (mmol/m®) 0.41 0.36 1.01
DIN/TN 7% 51% 73% 69%
DIP/TN 2496 49% 50% 40%
flol AuE B2 9dd A0l ol & == DIN, DIP F-3f &2 b4 8l 5

A9t DIN fluxe Rl=wd g8 29 R vFeddes v}
Fol AR =28 wERIIFS Heddoz 19 15591 kg
N/month, 2% 14,083 kg N/month, 39 15591 kg N/month$] i, U] H A
o2 19 7,186 kg N/month, 2¢ 12,183 kg N/month, 3¢ 18352 kg
N/month #j &= o} ZmsroffAfe) F dl=H shF(VIDINDS 14 22,777 kg
N/month, 2€ 26,270 kg N/month, 3¢ 33,943 kg N/montht}. 392
oA MEF-sEe 1€¥ 39,785 kg N/month, 294 35935 kg N/month, 3¢
39,785 kg N/month% 3z, v e 99 v EF31=-2 1€ 21,569 kg N/month,
29 41,759 kg N/month, 3¥ 51,133 kg N/month=, sl oA &) Z v &5-
3 (VoDINg)2 1€ 61,354 kg N/month, 29 77,694 kg N/month, 39
90,918 kg N/montht}.

Tk DIP flux A A& sidwre] deded R ndeddos

ol Ak el Aeae] wiEFstEge deddoes, 149 1,859 kg
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O

P/month, 2¢ 1,679 kg P/month, 3¥ 1,859 kg P/month% 32, ¥ H 2 A

rjg

=, 1€ 319 kg P/month, 2¢ 541 kg P/month, 3€ 814 kg P/month ¥ &3
of AEro A9 F vl & Y3t (VDIP)S 1€ 2,178 kg P/month, 2€ 2,220
kg P/month, 3€ 2,673 kg P/montht}. slgwel oA w&EF-a= 14
3,026 kg P/month, 2€ 2733 kg P/month, 3¥ 3,026 kg P/month% 37, 1] ¥
A MEFHEFS 1€ 974 kg P/month, 2¢€ 1,836 kg P/month, 3€ 2,309
kg P/month®, @ldwrolAe F w]E&F-3=HVDIP)S 1€ 4,000 kg
P/month, 2¢ 4,619 kg P/month, 3¥€ 5,335 kg P/montht}.

Table 4.7. Load input DIN and DIP in Jindo—Haenam Porphyra farm
(kg/month)

Jindo Haenam

Jan. Feb. Mar. Jan. Feb. Mar.

Point source © 15591 14,083 15591 39,785 35935 39,785
DIN

Non-point
7186 12,188 18352 21560 41759 51,133
source
Point source 1859 1679 1859 3026 2733 3026
pIP -
on—poin 319 541 814 974 1886 2309
source
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ATHE
W, §)9
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KeN
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4k, 2011). LOICZS] Guideline(Gordon et.al., 1996)
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o
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R4

Aol A b 257} e

1o e

3|

A7-9) o)

o

o

B
%
=
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ﬂ

i
1o

ol

Mr

—

2 42 20 em/sol 23CH(SE A 1993).

w ul=
= Weko

7}

o] -3} % tHTable. 4.8).

o}

Table 4.8. Geomorphological data of Uldolmok

Residual currents speed

Area

cm/s

20

8,000
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Table 4.9. DIN flux by water exchange

DIN input DIN output
mmol/m?® kg/month mmol/m® kg/month
Jan. 12.14 774,058 11.71 746,283
Feb. 8.35 480,768 3.29 477,580
Mar. 6.74 429,374 6.15 392,265

Zrabirel] o8] Al2~" W2 /Y3 DIN flux(VxDINow) &= 19 774,058
kg N/month, 29¥ 480,768 kg N/month, 3€ 429,374 kg N/month%lt}. Z=}
Fol o3 Ala®l 2|2 =38 DIN flux(VxDINsy) = 19 746,283 kg

N/month, 29 477,530 kg N/menth, 39.392,265 kg N/month= 4F4 & 31t}
(Table 4.9.).

Table 4.10. DIP flux by water exchange

DIP input DIP output
mmol/m® kg/month mmol/m® kg/month
Jan. 0.66 92,659 0.59 33,097
Feb. 0.49 62,101 0.48 60,764
Mar. 0.35 48,720 0.30 41,890

Aol o] AlA~E Y2 {98 DIP flux(VxDIPoww)© 1€ 92,659
kg P/month, 22 62,101 kg P/month, 3¥ 48,720 kg P/month% t}. F-x}5ll
o8] A" o]Z FE3FE DIP flux(VxDIPsy) = 1€ 83,097 kg P/month, 2
4 60,764 kg P/month, 3¢ 41,890 kg P/month® 4HA % At (Table 4.10.).

F FokE, ARl old FEYshE dddS Fig 4.1, Fig. 4.2.9F 2o
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DIN balance in kg month!

—

V,DIN,=22,777

—

V,DIN, =61,354

—

VxDINg, = 774,058

Jan.
DIN,,, = 11.71 uM

Vg =1.6x10°m?

A =20x108m?

—

Vy DINg,, = 746,283

DIN balance in kg month™!

—

V,DIN, £26,270

———

V,DIN,=77.694

—

VxDINg,, = 480,768

Feb.
DIN, , =8.29 uM

Vo = 116 x 10° m?

A =20x108m’

—

Vy DINg/, = 477,580

DIN balance in kg month!

—

V,DIN, = 33,943

—

V,DIN,=90,918

VxDINg, = 429,374

Mar.
DIN,,, =6.15 pM

Vg =1.6x10°m?

A =20x108m?

Vy DINg,, = 392,265

Fig. 4.1. Input and output DIN flux for each month in

Porphyra farm.

_31_



DIP balance in kg month™

—

V,DIP,=2,178

—

V,DIP, =4,000

—.

VxDIP,,, = 92,659

Jan.
DIP,,, = 0.59 uM

Vs =1.6x10°m?
Ay =20x108m?

—

Vy DIPg,, = 83,097

DIP balance in kg month™

—

V|DIP, =2,220

—

V,DIP,=4.619

ﬁ.
VxDIPge = 62,101

Feb.
DIP,, = 0.48 pM

Vg =1.6x10°m?
Ay =2.0x 108 m?

—

Vy DIPg,, = 60,764

DIP balance in kg month™

—

V,DIP, =2,673

—

V,DIP, =5335

—.
VxDIPg,, = 48,720

Mar.
DIP,,, = 0.30 uM

Vs =1.6x10°m?

Ay =20x108m?

—

Vi DIPg,, = 41,890

Fig. 4.2. Input and output DIP flux for each month in

Porphyra farm.
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Table 4.11. Yields of Porphyra in Jindo—Haenam Porphyra farm

dry dry/area

wet

kg/m?

ton

0.05

1,018

3,786

Jan.

15,662 1,814 0.09

Feb.

24448 2:832 0.14

Total

o

ARE BEUE 27)

o
Nfo

Table 4.9.2] AAikzF 2|37 of A
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a2l

nE

ojy
o

s}
=1

o}

iz

0

~N

o}
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™
o
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o
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gyl
4

K

=
=

DIP®] Ad& 3 (CP)par

1 A THE-, 1998).

3|

=1
[¢]

4ol 7t
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ol|ZA A sldelA] AAtE AA AEs @A
g4 270EEok 755,091 kg C, A4+ 201,558 kg N, <18 36012 kg P7}
A4S At (Table 4.12).

Table 4.12. Contents of chemical elements in Porphyra in

Jindo—Haenam Porphyra farm (k)

C N P
Jan. 271,361 72,435 12,942
Feb. 483,730 129,123 23,070
Total 755,091 201,558 36,012

ool Alxgl el Al el FE JYA(ADIN, ADIP)E are 53l
1 A3 ADINS 19| -75913 kg N/month, 22l -47,630 kg N/month®
27N & -122543 kg No=Z AT ADIPE 1€ -5522 kg
P/month, 2€°| -8859 kg P/month® 27| ¥ ‘&9t -14,381 kg P= AHA S
tH(Table 4.13.).
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Table 4.13. Nutrients variance for 2 months in Jindo—Haenam

Porphyra farm

DINgis DIP it ADIN ADIP
mmol/m?® mmol/m® kg/month kg/month
Jan. -3.41 -0.11 -75,913 -5,622
Feb. -2.14 -0.18 -47,630 -8,809

>

Table 4.149] 27§ &7k Ed At 4 Arbare] vjas i EdFAE
Fall Alz=Eo A ALkE = e AL 802,276 kg C, 342,601 kg N, 38,295
kg P2 velgtod, o] 3 dA A ArhgFe 43 el 755091 kg C, A4
= 201,558 kg N, €12 36,012 kg P} v dllS Wi, other sourcesi= B4
47830 kg C, A4 141,043 kg N, 9) 2,283 kg P= YEIT] o] & Hdof o]
|5 dol¥l 9] errortt AAbEF ae HA e AmEF s 2 Akt

7 sldE AoE wodrh

Table 4.14. Comparison results of-mass balance and Porphyra in

Jindo—Haenam Porphyra farm for 2 months (kg/2months)

N P
Load input 188,095 13,017
Internal variance 123,543 14,380
Water exchange 30,962 10,898
Total harvestable Nutrients 342,601 38,295
Porphyra 201,558 36,012
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ADIN = T mputs — T outputs + £ Sources-sinks

Total input
——

1.442.921kgN

Jan - Feb

ADIN =-123,543 kg N

Total output

—

1.566.464kg N

ADIP = X mputs - = outputs + X .Sourees-sinks

Total input
|

167,777 kg P

Jan - Feb

ADIP = -14,380 kg P

Total output
—
182.157kg P

Fig. 4.3. Nutrients balance for 2 months.in" Porphyra farm.
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52
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Ho

BH
50

\._A.uﬂo

w

DIN 5 mmol/m® DIP 0.23 mmol/m’e]t}. 2011 715, 194 3974

=
) Y
9l

DIN 8.72 mmol/m®, DIP 0.45 mmol/m>e]tH Table

)
Fhm

%)

3

i

3

j2)

DIN 5.43 mmol/m°, DIP 0.29 mmol/m’2 A& 2 E%o 7171%, =&

system and minimum

DIP concentration . of

Table 4.15. DIN,

required concentration (mmol/m3)

DIPy

in

DINgys DIP

DINmmin

0.45

0.23

8.72
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kA B Aol A= 2011 1ol A 3d7bA o] A aE i YD =5

EOE Ha Rk Alsd el BAE S Qe Ao AT A

Ol
L

o
i

7
o} Akl om, Alas U F-e] FUdHS o83t 271d wt HUE o
Axkd ool Ao Fe HAR 2719 kg N, 102 11,242 kg PHth o

-
g gog BN W, Ak NFO

fl

1,162,093 kg, ¢l 7]s=2.2 883,952
kgo® AP E Qlth o]+ 2011 1~2¥ AA BAF=Eel 2,831,624 kg dry wt.

o vt 2719 Feb Ol s el A Az ALY S Qe Ao %ol A

Table 4.16. Additional - harvestable nutrients .and Porphyra for

2months (kg)

N P
Nutrients 82,719 11,242
Porphyra 1,162,093 883,952
Masimum dry wt. 3,993,717 3,715,576

Porphyra harvest o o0 34,481,407 32,079,962
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