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SUMMARY

Technique development to control dissolved oxygen and toxic materials in shrimp
aquaculture farms

The shrimp aquaculture have been to a major industry of fisheries in southwest coastal
area of Korea because of prohibitive of measure to impose a duty on a salt import from
foreign country and increasing of unirrigated rice field in recently. However, a several
problems bring about like that a water and sediment pollution and bring out of high
mortality in shrimp aquaculture farm in situ. The reason of water and sediment pollution
following a high mortality of shrimp were the methods of aquaculture, a high density and

a surplus of feed in shrimp aquaculture farm.

In this study, we performed to estimate the water quality of pH, salinity, dissolved
oxygen, ammonium and sulfur hydroxides of sediment in shrimp aquaculture farms of
southwestern coastal of Korea from June to September, 2003. We also surveyed the status
of water quality and achieved the improve water and sediment quality to restraint the
production of toxic materials like a ammonium and sulfur hydroxides from sediment of
shrimp aquaculture farms by changed a water drain method in shrimp aquaculture farm in

labortary.

The concentrations of dissolved oxygen increased from noon to the evening for 6 hour
and decreased to 2.98 ppm at six o'clock in the next morning and increased repeatedly,
even though DO level has a different level in sunny day and cloudy day. This results
suggest that the most importance time of the control of DO in shrimp aquaculture farm is
in the midnight and next early morning. Moreover, if the DO concentration decreased
continuously which may be growing up the concentrations of NH; and HsS in shrimp

aquaculture farm.

The measured of pH and salinity were suitable to growth of shrimp. However, the level
of ammonium and sulfur hydroxides produced from the sediments of shrimp aquaculture
farms were 2.30 ppm and 0.075 ppm, respectively, which are exceeded to the concentration
of guide line for the growth of shrimp. In the results of this study, we found it difficult to
improve the water quality using of the present frame of shrimp aquaculture farms. Then,
we can improved water quality of DO, NH; and sediment quality of ORP, H>S and also
achieved down to the rate of shrimp fatal by changed the water drain method of shrimp

aquaculture farms in the scale of laboratory in the first research year.

_10_



Control of sediment is very important thing in shrimp aquaculture farm due to the
eruption of toxic materials such as unionized H:S, NH; and NO: . In this study, column
test including of a shrimp aquaculture farm sediment was conducted with filter media such
as activated carbon, zeolite, oyster shell and iron chloride to evaluate the reduction of

toxicity materials from sediment.

Ammonia was effectively removed by Zeolite and oyster shell. It was indicated that
ammonium ion(NH4) was removed by ion exchange of zeolite. And the ammonia in the
column of oyster shell was existed as the form of NH4', which is not toxic for prawn
because oyster shell was stably kept around pH 8. Therefore, some of ammonia(NH3) was
reduced by oyster shell. Hydrogen sulfide and COD were effectively removed by adsorption
of activated carbon and a partial removal of hydrogen sulfide was accomplished by Oyster
shell.

Phosphorous was removed by activated carbon, oyster shell and iron chloride. In
shrimp aquaculture farm, the concentration of ammonia was increased with increase of pH
by algae photosynthesis in the column of activated carbon, zeolite and iron chloride, but it

was revealed that pH was stably kept in the column of oyster shell.

In the second research year, we compared to the productivity, water and sediment
quality of shrimp aquacultural farm by changing of water drain method from July to

October of 2004 at Shinan Joungdo, southwestern sea of Korea.

The concentration of NH; in the old method of side water drain of shrimp farm was
0.030-2.577 ppm while the improved central water drain of shrimp farm was 0.063-2.003
ppm. Also, the DO levels in side and central water drain shrimp farm were 2.9-7.0 ppm
and 3.3-6.7 ppm respectively. The concentration of H>S in the sediment of side and central
water drain shrimp farm were 0.079-1.655 mgS/g-dry and 0.007-0.657 mgS/g-dry

respectively.

The Oxidation and Reduction Potential of sediment in side and central water drain
shrimp farm were 695~-266 mV and 75.1~-110 mV respectively. According to the
improved water and sediment quality of shrimp farm the production of shrimp in side and

central water drain of shrimp farm were 227.8 g/m’ and 302.1 g/m’ respectively.

We also investigated the effect of water quality as oyster shell putted into sediment of
shrimp aquaculture farm. The pH was stable and keep up high of alkalinity was result in
a calcium carbonate from oyster shell. Ammonia and phosphorous were increased
immediately after oyster shell putted into water. But two months later, ammonium nitrogen

_11_



was not increased so much hight at oyster shell put into the farm. It was revealed that
pH was stable and make to restrain the increasing of ammonia by oyster shell.

The main results of this study are summarized as followings:

(1) We estimated the dissolved oxygen of shrimp aquaculture farm was increased from
noon to the evening for 6 hour and decreased to 2.98 ppm at six o’clock in the next
morning and increased repeatedly then we developed a automatic aeration controler for

keeping a desirable DO level in the shrimp aquaculture farm.

(2) We could improved the sediment and water quality of the shrimp farm and we could
restrain to the increasing of ammonia and sulfur hydroxide 3 % by changed water sludge
drain method and input of oyster shell pieces to the shrimp aquaculture farm. Then, we

could achieved a more production of shrimp to 33 %.

_12_
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Aoyt AtE v 2 o] g dAn aER Ao dFd Holdd a&s A=
4 pm o]}e] &AL w=rF dadtrta Bastal
&3t w22 eh(1994) 9] el o] sk
Gt F27F 0.018 ppmol A ®F AALES UERA o R ®askal ¢l
Jackson C 5(2003)l 46* A5 g2 ol A 9 @i#ﬂﬂ HH%#%O Aost g e o o
TA, 9 Ao oFE (90 %) AR Qéﬂ A AL i, FAFHE F9H 22 %
o) Aae AR A, 14 % HH =] Fa, UmA gy l";r (57 %)< 9 P oz )
=9, ¢4 49 3 %4 A7 = gy 1‘; 2945 Fd tr] Told gEyel rhs
2 v HEesiolth A, wESF Fo 42~45 %E YAHE FE AEZIFIAEIYAL
"I"7H-/] TH &5 Za9 S DONe| 37~43%, F4RYol dAavt 12~21 %S #AA &
tkar waskelnh [16] .

Thakurgr Lin (2003)& 1YW = /\Hpr%k—}(Penaeus monodon) ZATE F£Z0 90¥ E<oF =
[e) —

2
WS A G FA% AFHEE JFD FES} FAe] mA FA D=5 50v]/m) e
ARG RadE)e GHE TA® A, EANG L BRI oLy Ak
SR AR AU W SRm, JEY A AL Al BaHE 8%
o A Az F%e) 23 ~ 31 %ew, AL 10 ~ 13%ATh FFPY T2 49U AR

AA B Q12 70~ 91 %E AARoH, dF
14~k 14 ~ 53 %E AAsFL AL 39 ~ 67
T TYHY 14 ~ 28 %, A2 12~ 29 %l 3|
gttty Baskdt [22] .
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s 2=Abe A3 H3a AEES Mn 5571 52 HAFAA e, = AAFA)E o
Able]l =& HAZFOE AHH oA e} Qﬂzfﬂ Aol A A & FEF=
2w o= AEA Hls) B dolA 1 F3Fo] datrtE st [19] .

Graslund ¢} Bengtsson (2001)° vpeFet shetokE ) A E A 7F FdolAlolaTke] Al 9-9F4
Fap Bl AREEIL Qo o]yl ofE o iRl FoAddE E Skl AR H = olE oFF
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Yol Aol o3k Af- F3] FaFe] AL J5S ¢ F UAATHE 2). ob&d F3hos
LE A A FErA v FdSEVIE w52 0.004-0.04 ppmes XN A
ND-0.075 ppm& = eI o] dgo] Af-g FA Aol el hryole} slpio] o
A7F A FF2 G FAHY Qo] Fag 821 AS & 7 A FA DH“:??(-)?W?
3 2.3 A FAFAAY s AdEF S A9
Month/day H,S(ppm) NH,'(ppm) pH Sal.(%o)

6/14 - 0.172 8.5 19

6/21 ND 0.680 79 20

6/28 - 0.638 8.2 20

7/05 - 0.771 3.4 21

7/12 ND 0.801 8.5 22

7/15 - 1.080 85 22

7/20 - 1.112 85 21

8/02 0.013 1.353 3.6 21

8/10 - 1.938 8.6 22

8/15 - 1.977 85 22

8/22 0.075 2.298 8.0 21

8/29 - 2.039 3.6 20

9/06 - 1.932 8.6 21
A, T HTAEHEA(2002) 2 A FAEE-(2000) 2 s HE(1998) 0 A A Al S A= A

FAG] Ad 9 4 AAE Aeste] i 3o Aot (41 (7] [9].
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COD (mg/1)

—@— Blank

—l— Zcolite

—2— Ferric Chloride
L L

—O—Activated Carbon
—{1—Oyster Shell

—O—Activated Carbon
—{1—Oyster Shell

—l— Zeolite
——Ferric Chloride

PO4-P (mg/1)

5 10 15 20 25

Time (days)

18. AANAA Sl & COD

30

Time (days)

Mt a9 19, AERAA F9el e PO,P W3t

DO meter probeE ©]&3ste] A Gl &EMAE FAHS L A7 AAHAE AH &
Zpol AAst A FAHe] DOTEE A A FAstE AAE /st 5 &5 4A7)
5 ppm ©]&to|® Fxfo] AT E HUo] X777} AFE I &EA4FA 10 ppm ool G}
X77F AAsAoE HFEEE Y T3 DO AsxdAAe] §EAA S AdlAo] =/
B2 FZu o]7] To] Ao ZAHgro] FAHEs AEE ousty] fste] A oR Al
S MRS ol FAEFE A AHS S AASAT. A e 19 203 ofgle] L=
I

Z233 (CA)
#include<at892051 >
void init_TO(void);
void timer_lsec(void);
void timer_10sec(void);
void timer_2min(void);
void timer_10min(void);
void main(void)
init_TO0(); //Efelw] AR
TRO=1; //EFol ™ 7l A
¥vhile(1);
P1=0x10; //up °l-&
timer_10sec();
P1=0x00;
P1=0x04; //left ]

timer_10sec();

_31_



P1=0x00;

P1=0x20; //down °]%
timer_10sec();
P1=0x00;

P1=0x40; //Z A2}
timer_2min();
P1=0x00;

P1=0x10; //up °l&
timer_10sec();
P1=0x00;

P1=0x08; //right ©|-&
timer_10sec();
P1=0x00;

P1=0x20; //down ©|&
timer_10sec();
P1=0x00;

timer_10min();

// Etolm AA
?Oid init_TO(void)

TE=0;
TMOD=0x00; /2= 0 A7

TH=0xE3; //Imsecvith W EF=7F HA7F7] 919 A gk

TL=0x07;
}
/) 1%
void timer_lsec(void)
int count;
count=0;
({io
if(TFO) { /WM EE A A Imsec’d %
count++,
TH=0xE3;
TL=0x07,
} TF=0;
}}Whﬂe(count<1000);

i
o

//10%, 7&atag- ol s At

void timer_10sec(void)

int 1

for(i=0;1<10;i++) {
timer_lsec();
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}
}

/)25 = LT S AT
timer_2min(void)

int 1;
for(i=0;1<120;1++) {
} timer_lsec();

}

// 105, o) 7] A 7F

void timer_10min(void)
int 1;

for(i=0;1<600;i++) {
} timer_1sec();

}

[
h
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)
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>
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ph
N
[

UP O|& /10x

v

RIGHT O|& / 10x

LEFT O|l&S / 10=x

y

DOWN O|& / 10=

y

ChZl / 60
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HgAa Ay A3 §EdAsE B, 344, A
ppm, 3.2 ppmo 2 e A oA T WA yeut R Yol A4 vk RYet ¢4
A AEAA Z+ZF 016 ppm, 0.25 ppm, 0.36 ppme 2 YE}ow 33FEiE (
0.012 ppm, 0.018 ppmo. 2 e} A AoA] EAEH o] ko] 7} Wol

Ady B s o] £ 2y SA=HY w7t Hacte FH8 Aol FAEHE AR
btk =g A @ ORPel QoAM= Reeh A4, AdelA z2+2 -5 mV, -27 mV,
-45 mVE YEPGT A9 AEES B, SFADAAE 70 % oS HEHRey, A4
N 56 %= UEIRT metA] Ao AESE AES M Pz £ A5 Y
ERf AT

o
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E 4 AP TR AE A FAYS FERAR @ FAFAA] SHBD 9P oA
a3 vl (n=2)
Side drain of shrimp farm Central drain of shrimp farm
Time
HsS NH," DO ORP ALE S H»S NH," DO ORP ALE &
(ppm) (ppm) (ppm) (mv) (%) (ppm) | (ppm) (ppm) (mv) (%)
0.498 4.98 176 0.159 5.62 223
6/13 ND 0.547 5.24 192 0 ND 0.845 5.48 242 0
(0.523) | (6.1D) (184) (0.502) | (56.50) (232)
4.64 129 5.19 218
6/20 - - 4.80 148 - - 5.34 236
4.72) (138) (5.27) (227)
0.789 4.38 116 0.188 5.01 211
6/27 ND 0.818 4.49 136 20 ND 0.225 5.09 230 3
(0.804) (4.43) (126) (0.207) (5.05) (220)
4.58 92 4.82 205
7/04 - - 4.76 110 - - 5.02 235
(4.67) (101) (4.92) (220)
0.123 0.792 4.01 65 0.026 0.238 4.88 186
7/11 0.162 0.861 4.31 91 50 0.039 0.359 5.08 206 5
(0.143) | (0.826) | (4.16) (78) (0.033) | (0.299) | (4.98) (196)
3.74 36 4.75 129
7/18 - - 3.92 44 - - 4.89 152
(3.83) (40) (4.82) (140)
3.38 -86 4.76 53
7/25 - - 3.66 -88 60 - - 4.92 69
(3.52) (-87) (4.84) (61)
0.197 3.41 -94 0.039 0.405 3.85 16
8/01 0.215 - 3.61 -114 0.053 0.603 4.02 38 10
(0.206) (3.51) | (-106) (0.046) | (0.504) | (3.93) 27)
3.81 -249 3.95 -12
8/22 - - 3.85 -259 - - 3.96 -29
(3.83) (-254) (3.95) (-21)
3.46 -285 3.95 -23
8/29 - - 3.59 -305 - - 4.12 -36
(3.53) (-295) (4.03) (-30)
0.327 0.834 3.28 -332 0.081 0.698 3.56 -85
9/05 0.458 0.863 3.31 -348 80 0.102 0.734 3.72 -109 20
(0.392) | (0.849) | (3.30) (-340) (0.091) | (0.716) | (3.64) (=97)
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% 5. 89 SHnE Y FdlE FHEY 2 2 (n=2)
Side drain of shrimp farm Central drain of shrimp farm
Tim
Temp. | Sal. DO |NH, | TN | TP |COD | Temp.| Sal. DO |NH, | TN | TP |COD
€ pH pH
C) | %) (ppm) | (ppm) | (ppm) | (ppm) |(ppm)| (T) | (%) (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
26.4 8.341| 2.85 |0.108 | 1.675|0.168 | 9.20 | 26.4 8.492 | 3.26 |0.055| 1.579 | 0.085 | 6.75
7/06 | 26.5 | 29.8 |8.346| 2.94 [0.129(1.735|0.190 | 9.60 | 26.5 | 30.0 |8.494 | 3.27 | 0.071|1.682|0.110 | 6.82
(26.5) (8.344)| (2.90) |(0.119)[(1.705){(0.179)| (9.40) | (26.5) (8.493)| (3.27) [(0.063)|(1.630) | (0.098) | (6.80)
11.68
8.551 | 4.06 |0.026 | 2.066 | 0.195 1170 7.928 | 5.02 |0.076|1.671|0.135 | 7.95
7/23 | 30.0 | 27.1 |8.550| 4.26 |0.039 | 2.261|0.213 (11'70 30.0 | 27.6 |7.929| 5.03 | 0.093|1.691|0.155 | 8.06
(8.550)| (4.16) |(0.030)|(2.163){(0.204) )' (7.929)| (5.03) |(0.085)[(1.681)((0.145) | (8.00)
27.9 8.352 | 5.09 |2.068|2.350]0.199 | 7.15 | 27.8 8.441| 5.12 | 1.9112.008 | 0.142 | 4.75
8/20 | 28.0 | 27.6 |8.353| 5.13 |2.084 |2.610]0.229 | 7.26 | 28.2 | 29.4 |8.439| 5.14 | 1.952|2.024 | 0.164 | 4.82
(28.0) (8.353)| (5.11) |(2.076)[(2.480)((0.214) | (7.20) | (28.0) (8.440)| (5.13) |(1.931)[(2.016){(0.153) | (4.80)
10.54 10.53
23.9 7.507 | 3.79 |2.459 | 3.205 | 0.389 062 23.5 8.004 | 4.60 |2.003]3.028|0.215 1069
9/25 | 24.1 | 22.9 |7.508| 3.95 |2.695 | 3.401 | 0.427 (10'60 24.1 | 23.2 |8.005| 4.62 |2.006 | 3.048 | 0.242 (10'60
(24.0) (7.508) (3.87) [(2.577)((3.303)|(0.408) )‘ (24.0) (8.005)| (4.61) |(2.005){(3.038){(0.229) )'
22.8 8.416 | 6.50 |1.442{3.053|0.259 22.5 8.462| 6.69 |1.42813.001|0.268
10/7 | 23.2 | 24.2 |8.418]| 7.40 | 1.529 | 3.175 | 0.405| - 23.1 | 24.5 |8.463| 6.71 |1.5413.031]0.283| -
(23.0) (8.417)| (7.0) [(1.485)((3.114)|(0.332) (23.0) (8.463)| (6.70) |(1.485)((3.016){(0.276)
Fee 2v eI S NEFAGAN Nxd g Bnch FA 2/)RE A 4
Fote] 79 o= 27CelA 30C=E Asstthzt 89 2o 28C, 9¢€ =l 24T, 10€9 23CT=
Al ZFAskh 9 E3 S wE A F Y S iEdA e W vk A 74 5 8
a1 8€ e 285% = 7H =4 YEST (29 21).
= AFo] MPdx = st pHEtS 7 &4 B diste] A3 A Agst HA9E e
U, T mE2 A vkl SH wjESA G pHY s F 48k A YES T (2§ 22).
ol¢} & pHO FW3E= AFFS9 37 Wl g ~EYAE Wol x99 A Ho] A A
AGFe 714 Ao Aztdrk
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_ 100
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é § 8.0
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(@)
40 t
0.1 —4— Central drain —4— Central drain
~O-Side drain 20 1 —O- Side drain
0.0 : : 0.0
Jul.06 Jul.23 Aug20  Sep.25  Oct.07 Jul.06 Jul.23 Aug.20 Sep.25
O 26 SUMEFAET SRMEFAL] oY 27 SUMEFA LN SPE g
TP W3} Z¢] COD #3}

2) TEMA wE A A FAFe Ad Ax

A% A
=
=

4 A3

T FAAA FW BVl PG PEE ARG FF HEH FAY

Table 6 o YEFATH

Side drain of shrimp farm Central drain of shrimp farm
Date HsS ORP IL HoS ORP IL
(mgS/g—-dry) (mV) (%) (mgS/g-dry) (mV) (%)
0.068 59.4 0.005 62.1
7/06 0.089 79.5 13.7 0.008 88.1 12.4
(0.079) (69.5) (0.007) (75.1)
0.061 0.021
7/23 0.083 - 12.8 0.045 - 14.8
(0.072) (0.033)
-121.8 -61.9
8/20 - -135.0 - - -91.8 -
(-128.4) (=76.9)
1.155 0.468
9/25 1.341 - - 0.629 - -
(1.248) (0.549)
1.564 -257.5 0.573 -90.8
10/7 1.746 -275.1 19.3 0.741 -128.9 18.7
(1.655) (-266.3) (0.657) (-109.9)
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14 945 Qe DO 24 AEsk FAE A AF FP] 488 A%, 7 48 b5
ol FEee ¢ 5 Adw, 100087 4H g obdisk 2k (1,0008F A 1vhsk ON,

O 71E Tk Ao uke
- NFB(x}¢+7], No Fuse Breaker)E o] &3t 2kd3 =5/
- 27 A A E e

O QAFA AL FAA Azwe
- DO FE mteh £ HEdE A2
- hed gH BE
- DO 41X
- 5E) A0} 7]

podE Zu

O DO wxol walk =217k ON, OFF & A28 & A] F7F 5= 08 &

E

MMAaEE HER

DO AlA : 300,000
DO A4 Qg Hol 2 Fh= 500,000 ¢
S48 vy Edely 500,000 ¥
-9 100,000 €

-3t F R 300,000
- PLC 200,000
- MC(30,000/EA, 107} 7]1<) 300,000
X2 B AR 500,000
A 2,700,000
T +HEE A7 F 1005 ON OFF & 7 -9l
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