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Nutritive Quality of the Crude Organic Fertilizer Produced
with Coastal Aquaculture-Ground Bottom Sediments,
Organic Wastes and Alkaline Stabilizers

Jeong-Bae Kim, Chang-Keun Kang, Kun-Seop Lee’, Jeong-Im Park’ and Pil-Yong Lee
Marine Environment Management Division, National Fisheries Research & Development Instifute, Busan 619-902, Korea
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To utilize coastal aquaculture ground bottom sediment in which concentrations of harmful pollutants are low
and organic content is high as an organic fertilizer alkaline stabilizers such as Ca0O, Oyster shell, Mg(OH), were
added to the bottom sediment organic additives of livestock or food wastes. Nutritive qualities of crude fertilizers
were measured to examine effects of alkaline stabilizers and organic waste additions. The Mg(OH),-added crude
fertilizer had significantly lower total carbon(T-C) and nitrogen(T-N) content, reflecting the dilution effect due to
great amount of Mg(OH), addition. However, the addition of oyster shell had no significant effect on the T-C
and T-N content of the fertilizer. P,Os and K,O content was considerably higher in the mixed sample of
aquaculture ground bottom sediments and livestock wastes than in the mixture of the sediments and food wastes,
resulting from higher P,Os and K;O content in livestock wastes. Addition of Mg(OH), increased the content of
MgO in the crude fertilizer but significantly reduced the content of other nutritive elements such as P,Os, KO
and CaO. Addition of oyster shell as an alkaline stabilizer seemed to have the advantage of saving time and
expenses for dryness due to its role as a modulator of water content. Moreover, additions of effect Mg(OH),
decreased the concentrations of heavy metals in the fertilizer by the dilution while additions of oyster shell had
no influence on heavy metal concentrations in the fertilizer.

Key words : Aquaculture-Ground bottom Sediments, Oyster Shell, Organic fertilizer, Alkaline Stabilizers
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Fig. 1. Flow chart illustrating the production of
organic fertilizer of aquaculture ground
bottom sediment and organic waste.
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AlA FE(Cuw), FPb) = °}°4(Zn“°-: 2y
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BCH 2 ZEBCHS f‘ﬂi AAE
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2= W o ¢z AASA Htd BE 77
o] Zug AE A dF ETIdE two-way
ANOVAE ol&3te] AAFNH2Y, HIFE Ao
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(Duncan’s Multiple Comparison Test)& E3le] 2
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31 712 zug9 A B}

#7014 v2g 248 dstel H4%e £7]8
ANAS 2FH T 29 AR 242 Table 1
of YERAST $712 W2E A7) W dA

TR pHL HHE+E4 £ EF ARET

683)7F B A E+&28 AAY] EF A& (FHT 414
5o} FoaA ko i (Student f-test, P <0.001),
ESEENEY = EF ANEY T-C, T-N 2 87

A
Zvzh Wit 274, 225 2 59.80% o]

r

o GG HAT MR JPYR 24

4 B 29 RS §48 AV £9 A8
of &zhe] ks H7HAQ Cal, CaO+Mg(OH)
2 W7 Agstel 9Bel YR F AZN 2
Wze 4ES BAsn(Table ), 42l $712
A7 £ Aol e 22 AR B 1B

Table 2. Carbon and nitrogen content, P.Os, KuO,
Ca0 and MgO in the crude fertilizers in
which Ca0, CaO+Qyster shell, CaO+Mg(OH),
and CaO+Mg(OH)z+Oyster shell. Values with
different superscript letters within the same
column are significantly different among
alkaline stabilizers(multiple comparisons, P<
0.05). Values are mean(%*SE)

Alkaline stabilizers

Addition CaO+  CaO+Mg(OH),
20 CaOMgOH: gy ™ gpel
Carbon content
. 248 100 AR 1194
Livestock waste (1g))  (1o8)  (14) (L1
BY 1264 B 1263
Food waste 73y (u9) ) A
N8I T 0K 1228
M
ean (L1 0% 08 0
Nitrogen content
. 170 094 149 082
Livestock waste (12 (0199 (013) (01D
153 088 130 081
Food waste 1oy (01 ©0  (O1D)
161° 092" 139 0.81°
M
ean ©0) 0 ) 00
P.Os

g 9 h
Livestock waste L77 097 1.57 087

2 Sge 019 00  ©I17 (0.00)

HAZ+FHE AAY] & ANEe 474 ﬁé‘ﬁ Food waste 040° 02 037 024"

3127, 201 % 6720%% ¥ 3 Alazt oE 4% OB 00 0B 0B

FF Alold -4 Q) Ad Al A AR BEAA § P o e i c

olg Abol7h ehbx YTHINE BE Py 005).  Lvestockwase oo M LS 0%

' 059 033° 051° 0.29"

. Food i -

Table 1. Carbon, nitrogen, pH and organic content of aste (0.04) (004) (0.4) (0.04)
the sediment, livestock waste, food waste, Ca0

oyster shell and the mixed samples(unit on : 1948 545 2315 1163

dry matter basis) Livestock waste oo Qo5 470 030

- 1843 514 2125 11.30

o Mixed Foodwaste gy @1 a2 o)

De@p‘ Sedi- Livestock Food Shell Se(.ﬁrnent & Sediment & M 1896( 5291 2220(1 11. 461)

tion —ment Waste Woste levvmtock Food Waste ean (12 (010 (1) (0
aste MeO

pH 0% 69 402 812 688 414 a ¢ "

o Livestock waste 201 3420 188 B68
T-C%) 210 3467 4372 1187 2140 31.27 (0.09) (255) 0.26) (2.06)
T-NO& 027 425 3% 028 225 201 Food waste 124 w7 11y 208
Organic 006 @20 01  (17®
material 950 7430 9180 1281 2089 67.20 Mean 163" 334" 151" B35

(%) (0.15) (1.59) (0.19) (1.26)
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AR - A2

= two-way ANOVA ZAA L Fastd] H“;}‘ﬁq
(Table 3). 97|14 &#ze] tAs HIFARZ ALE
Ca0¥E CaO% o] 94.74% o) ow, Mg(OH) zow
© MgO3%tao] 95.14%%ct. BAE(MNFIE) &4
A3 CaO7b Mg(OH):9 10uje] o2& A =E
UetgIl7] w2 ¥ A7 Ca0+Mg(OH); *l?‘fé
Tl E 30% E& 60% CaO% $Y3F ZAHE
FA e 817] 98t CaO(15% HE& 30%)el u]
ste] 108) o] Mg(OH)(150% %& 300%)S #H7}st
Hek wE B Ao o] &s F e gdTAAR
HEHAel 21 g2 Yo o F 8 #gl
i, B E(CaCh)o] FAHR o2 Z#(Ca0) T
o] 54.34%, AAHP:05) ko] 059%, AEF(K0) T
#Zo] 0.14%0°] 3t}

A Ag-oa] T-C & BEE 863~2757
(H# 1735)% H9E Yehlddh 715 A7MA9
dzte) A A A7 BgH oz FEste] zH|
89 T-C &3ol 4L FErl8 dolrr] 9%
dazge AR A% F e 43dE aune

AATHANOVA, P=0.968). o]l
7;,24—3}71 %}01 7+ 299
=N =9 F4E A
g %Mzﬂ %Moﬂ w} zulg9 T-C
o) 93k o7t YehgA] ¢ AH(ANOVA,
P=0218) w7, &4z A3 A Mg(OH)R9 3
7b ol el 2ulE Alol9] Hit ©@A §F Alo]
Ae 93 2]zt UEhEEG(ANOVA, P <0.001),
7z} AgoA T-Co #HF &% Ca0, CaO+
Mg(OH)2, CaO+Shell 2 CaO+Mg(OH)y+Shell H7}
FolAd ZzZt BF 2318(£1.10), 11.67(X0.98),
22.26(+0.83) 2 12.28(+0.79)%= Jebsth. 2tz 8
M wbE *plfﬁow doizl 47) 2E 7 Hrgkol
W& Duncand] AFF 24 ZA3= Mg(OH):o A7t
Tl A HrrehA] & Fzhel wldle] fglo] W
2 T-C#Fe YA HTable 2).
A AEFofA T-N 3o BIE 057~209
(B 1.180% ¥9E Jehiieh T-Co & =4
A8} AN F71E A A dBe oA

TN

ik ¥ 8 85

ot N orfn £

1_‘

Table 3. Results of a statistical analyses(ANOVA) for the effects of addition of organic waste (livestock or
food wastes) and alkaline stabilizer[CaQ, CaO+Oyster shell, CaO+Mg(OH); and CaO+Mg(OH)s+
Qyster shell] additions on compositions of major nutritive elements in the crude fertilizer

a) T-C b T-N
Source of dt S5 MS F P df SS MS F P
variation
Within+Residual 24 180.75 753 24 1.27 0.05
Organic add. 1 12.07 12.07 160 0218 1 0.09 0.09 175 0198
Alkali Stab. 3 92848 30949 4110 0000 3 351 1172220 0000
Organic add X
Allali Stab, 3 192 0.64 009 0968 3 0.05 0.02 031 0816
Model 7 94246 13464 1788 0000 7 365 052 990  0.000
Total 32 10754.19 32 49.71
o) PO d) K0
Source of
watiation df ss MS F P df sS MS F P
Within+Residual 24 1.05 0.4 24 0.75 0.03
Organic add. 1 779 779 17803 0.000 1 9.18 918 29405 0000
Alkali Stab. 3 168 056 1277 0000 3 3.09 103 3299 0000
Organi X
agan CS;‘gd 3 074 025 566 0004 3 110 037 1169 0000
Model 7 1021 146 3333 0000 7 1337 191  6L16 0000
Total 32 3169 32 43.80
el Ca0 )  MgO
Source of df ss MS F P df $S MS F P
variation
Within+Residual 24 1472 6.14 24 2575 941
Organic add. 1 6.40 6.40 104 0317 1 6.44 6.44 069 0416
Alkali Stab. 3138457 46153 7522 0000 3 699615 233205 24793 0.000
1 X
%,f:l?‘gtﬁfj 3 3.42 1.14 019 0905 3 0.92 031 003 0992
Model 7139439 19920 3247 0000 7 700351 100050 10637 0.000
Total 32 84792 32 1567146
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Ao AEAL 7ZHst el F42(ANOVA,
P 0816), A2 & {718 #H7HAQ #Hulo] we

Zzulge] T-N #Fele #9% Hol7} YEA
\Oz FH(ANOVA, P=0.198) vt Mg(OH), H7F
Fo met 287 Alole] HT A “““*01]"1‘" s
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g ol A T-No #Ho 32 Ca0, CaO+Mg(OH),,
CaO+Shell ¥ CaO+Mg(OH)y+Shell H 7}l 2+
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081(T0.0N%E Ye It olF 47 4879 ¥
Takel B8k Duncan®l A% 24 ZAzes 94
Mg(OH):®] #7F T-ztellAl H7stA] gk F3tel
Hjgto] Fglo] e T-N#FE YHeERUTHTable
2). olet 2 Mg(OH)pE H7F3 F3telAM Fglo]
e T-C 2 T-N &3g yehles #Ae 150~
300%°l ol2+ thEe Mg(OH), &7k W& T-C
2 TN -5]—3]:4 g4 zy= 2 wygsidd. 28
u, Az #Hrte x8|Ee 3T T-C 2 T-N &
go fojg Jgg rlXA skt multiple compa-
risons, P<0.05),

AHPO)# AE(K0) & A APFA
o] B¥+= 717 (015~233(HT 080)%¢ 021~
2270337 096)% HHE 23t Zu g9 P.0s%

e

KO #& x£4& A9Ed, F 48 25 #4718
H7kA el an]' Fol g Apo]7h ERGEIL(ANOVA,
P<O.00D), el A stAle] A7t a3 s Mg(OH),
HA7b FHFol mek F3E AolE HATHANOVA,
P<0.001, Table 3). =g, f71€ H7A9d <za
AASA HIPt ERAHoR ALt ZHEY

PoOsT KoO kol Jae
BxAge] AR Af £ a9y 43zxE znst
ot EANFE & F AATHANOVA, P<0.001).
870 AgTol i FT Duncan® A 24 ZAx
© #1718 HAAERA S48 HAY] £F 3709
A P05t KO Bt ko] zHzh 0.22(+0.02) ~

0.40(=0.05)%9} 0.29(£0.04)~0.59(*+0.04)% HY =
S e EFTAMY 4z 7 ek 087(+
0.09)~1.71(Z01N%H} 094(£0.11)~2.11(X0.07)%
HHEG F5lo] W Fake Yeho), &4 Bx
SAE AAY) o] fd BE AFE 2 udsld]
o] &34 o ?l’& 2 4F T2 E
AA7NE o] 8315 ol o] EU} 7
2 uErs CP(Table 2). o9 #& A
AA7) Bk Eak EkolMe o Ee
ko] 7195ke] 22E’Y gm =
Algod Mg(OH)»E A7)t "“ﬂ?%
27y Hd 0.87(+0.09)~0.97(=
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QA% P27

0.06)%9 0.94(£011)~1.10(x0.13)% HHRE A7}
A ke FIrel e g 157(X017)~177(F
0.19%} 1.18(+0.15)~2.11(£0.07% HB}
AstA @A vety T-C % T-N &3 A A9}
Zol th3Fe] Mg(OH); #E7tell W& POs9 K0 &
2ol s ANE Hol Fot 3, 7 FHote
2 ZHEY P09 KO &3 24 mAE &
#e T-C % T-N g3 2449 vpidix 2 &
o)&tAl ersktHmultiple comparisons, P<0.05).

AA A FAA Z4(Ca0) ke BEE= 464
~240(3 145% B9 E Yt /f718 A7t
At a7 gstAl Hb T F el A5
£ &7 JEhgA %oHANOVA, P=0.905), 71
E A7 o0& 2948 H9Ed T-C € T-N &
2 -’v‘-”"ﬂ’ﬁ?} ] S A=A -rr7] HA7tA o A7)l

2 zn 39 Ca0 o= 423 Zos} L}E}L}
7 %90 Y(ANOVA, P= 0317) Mg(OH); # }
o wel ZH|FE Alole Hi CaO FFolMe
o g o]zt ERITHANOVA, P <0.001). Z+ ”?3
TolA CaO HT FHFH2 Ca0, CaO+Mg(OH),,
CaO+Shell E CaO+Mg{(OH)2+Shell A7} A Z+
Zb JE 18.95(+1.29), 5.29(£0.10), 22.20(+1.05) 2
1146(£0.16)% % UYetUa, ol & 47 Ade 3
dgel dd Duncan®] AFE 4 AdEs 94
Mg(OH),e] #H7t F7kell A ’Eﬂﬂxl %2 P
13}0‘1 FY5tA 2& Ca0 &FE Jeloi(Table

), ThEg Mg(OHz d 7ol op 2 CaO afol] §o
OMI Wakz] okt w7t Aot ©E zu|gol
T Ca0 @'%h‘—‘ Tl’-’] 0}7'” O}'Z] 5 }}YL]-

AA AdFAM 096~304(BF 162)%] &
HYE U oladlgMe0) 94 CaO ek =
Aol Aot FALSA R718 A7A9 e A3
Ao Azg gz YA e ITHANOVA,
P=0992). weiA, 2+ g9lo] W& FHE AuHny,
T71% H7tel mE zulae MgO s %9
g Aol7b YElGA] AIA(ANOVA, P=0416) w
4, Mg(OH), 3 7} %’?—Oﬂ el ZujE Abolo] H
MgO el M = #93 Aozt JeEhdtP <0.001).
2 AgTdA MgO Ba FFL Ca0, CaO+
Mg(OH);, CaO+Shell ¥ CaO+Mg(OH)o+Shell 7}
T ZHzE B\ 1.63(£0.15), 3346(£1.59), 151
(£0.19) 4 2833(£12600%F UEhfo, ol& 47) A
A9 Heghol dd Duncand AHE 24 ZArs
Mg(OH),9 #7F #3tell A H7stA ¢k T3t
H]gle] o] ®o MgO gEs el
Mg(OH):E #A7}stA @2 A¥FH4A MO A
o YelA e H3FE Bol(Table 2), the)
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Mg(OH), H7tell w& MgO ##9 $7+ 235 B
of FAot. olgk £ A= Mg(OH): 7Pt vhe
H a2 A& disid= 84 3348 Ho o]
oAl Z#E ZUEtAR MgO #¥F2 2388 +4
ol F7tske 2AE e Ag vEhlo &t

ARHoz B AT Ca09 1/109] £2et
Mg(OH).9 24 5% 1d3te] CaO% 54F 24
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AZ AEE IA SFEANE £ 3o may ¢
Z2AANRA o] 8% F
Kim and Park'?e] %4
T+ s AEL $712 ot
F71 A e 48 85%0)ete] AlgdA AR
Z A7) 9¥o] A8, FFE BRAAE 129
agwo] AR 7 ko] HZE FLS HAA
TR SAE FErE AL BHYy o9
a7 A S Exy S4E XA v
A AR dx HA) s & EAgE A
g Hye] st

o
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T

2

g A-8-3o]
Hulst A17]3, w(fR) 2

3
3 A3 WEEd T =

A B ko] % 65~70%%) WS ELS AAAR
o3 tigr 1201 4(Ad Az Fo gAHs wgE
T v g¥ 0 o 30%)e FEAAAY, Kim and

[¢)
Choi'oll ¢t o] Az Azt @2 2 R AZ

B AR e

7]
o] 88 W YUY FTF FARUE B A
24 Aze Az AFE Azelu AnE A
2E 5 e AHL HolA B F dodE AL Y
itk 2 HZe] AR g 4 Ax ® e
2 3 vzd B¢ 35S 7hd CaCOsE &
AAA CO™ ol ¥%9 2719 @7 pHE A%
A o] A §718 At NRE AL F
Qe FHAZA o]gd F e Aok wa,
2 h7e] CaCOyt 7HAls &3, ole m3 e
59 %9 8eHe &8 2 pH 4% adz Q3
o] £%9 FF4 ¥E/ 2 4 AAL ¥Aslw
AELores 3 d48 dodlng F2FL o2
o AANZAY 8L T 4 gt Ao] By
T U ool AR uigl Zo] Fulw T
AE dalstd 2 AL olgsoRA #H HH
29 Hlgst FAAA A& dis V5 @
4 A2 2] AYLL FA A 5 9L A

L2 Hgh

32. T5% 92 #Ht

MEE 714 2H 89 34 4283FL
&7](Table 4) $3l4, EF A58 AR 24 &
HEH, Cudt Zne FE HAEDY 22 By
& A BN 27 FF 22850 2 370.68me/kg ©) 2
I, HAEY S48 AR £ A5 Zz gi
1860 B 5065 mg/kgBth f-o8tA A Jehto
Y(Student t-test, P <0.001), X &7 &4 En

Table 4. Heavy metal content in sediment, livestock
waste, food waste, oyster shell and the
mixed samples(unit on dry matter basis)

Mixed
Elements Sedi- Livestock Food -
(mg/kg) ment Waste Waste Shell Segiment & Sediment &
Livestock
Wi Food Waste
aste
Cu 345 638 59 101 22850 1860
Pb 210 360 3% 070 7.24 10.03
Cr 86 151 142 506 B0 895
Gd - 032 08 05 029 032 026
Zn 101 4289 3559 852 37068 50.65
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Table 5. Mean values(img/kgZSE) of heavy metal
concentrations in crude fertilizers using di-
fferent alkaline stabilizer and organic sources.

Values with different superscript letters
within the same column are significant
different among alkaline stabilizers
Alkaline stabilizers
Addition ) Ca0+Mg(OH),  CaO+Shell Ca0+2/llg(OH)2+
Shell
Cu
Livestock 16653 100.82° 13671 %
waste (35.89) (21.43) (2041) (1752)
Food 1563° 17.03" 1290" 146"
waste (0.8 (1.97) (0.60) (1.43)
Ph
Livestack 607" 784" 507" 655"
waste (0.81) 2.78) 0.68) (2.33)
Food 741ab 135% 537a 11.20bc
waste 0.18) (0.60) 070 0.51)
Cr
Livestock 2387 1261 1990" 1031°
waste (5.60) (2.40) (4.45) (1%)
Food 178" 12.33" 1470 10.15"
waste (2.56) (1.04) (2.16) 083)
Cd
Livestock 026" 142 025 117
waste ©.05) (0.08) 0.05) 007
Food 0.39" Lo 0.3 081"
waste 0.07) (0.24) (0.06) (0.20)
/n
Livestock 265,07 14262° 21835 1854
waste (17.88) (15.75) (14.76) (12.99)
Food 52.6" 415" 4315 B30
waste (3.86) (4.35) (353) (4.40)

W] Zno] 26.35~257.97mg/kg
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