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8 o 9 B dd Ul Asel digk ol 34 Wslel] whE Rt 5 Y FE 2do] Wi oS 2 Ojs wek A4 &
ek AA 2xdolty. B Atolxs RSt A BHQ 219 SFEHENA TR &5 5SS ZAMSIATL HEHE 37 212 pH
7-9, 2% 10-20TC, &€& 24 FX(dissolved oxygen, DO) 0.7-7.0 mg/L th AEEH 2A& wiAg oA 3824 AgS T3 Falld
9l &F AEE 13 v o R A Ed o, 3 e JFe SATH Wye B AEE HAh Y HHAEEYE R 9 &
2 pHeF 257 33 DOZF B&55 Z7tetsith 14 vk8 3y s % 7|Fo® HEH W9l pH 371 €% $7} DO Hae 77 <
45S 2-39 /A

G SAFHAE, Q £F, FILS, pH, 2%, §FE4L

Abstract : Understanding the behavior of pollutants in the marine environment is essential for coping with the marine pollution problems
such as eutrophication. In this study, the effects of environmental parameters on phosphorus release from marine sediment to sea water
were investigated. The environmental parameters such as pH in the range of 7 to 9, temperature from 10 to 20C and dissolved oxygen
levels (DO) renging 0.7 to 7.0mg/L were examined. Phosphorus release data were taken from batch tests excluding biotic effects, and
analyzed using a first-order kinetic model. The effects of environmental parameters were quantified using a statistical methodology. High
pH, high temperature, and low DO increased phosphorus release from the sediment to sea water. pH from 7 to 9, temperature from 10
to 20T, or DO from 7.0 to 0.7 mg/L magnified the equilibrium phosphorus concentration up to 2~3 times.

Key words : Marine sediment, phosphorus release, eutrophication, pH, Temperature, dissolved oxygen (DO)

1. M 2 AMBE T SFRE WA e FAH AL £33 oo
& A, HoalEd wak A9 AeAsY, BEFS T
Ak mirkel A7 ok e sfdEitela s & sjFd A EAE Suwata k(o] &, 2008; L}, 2004).
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o] @ e AAsta gler

woll Wit Skl o] Qo] Agasl 1 el ]
AiA ol 7HA WHMES ol&F AT Al=EC %t
(Ingall et al, 1990; Carman et al., 2000). 3 °
g el o) T T Al 9Es OPI1 %

o AYHA=] F=EH I {7 #

e
&

HA gktt(Ingall et al., 1990). X E o] 219]

FZO2 olFsli= Aol oy 7HA FHgo] Bixo=

st} Ryding and Forsberg, 1977; Hakanson and nsson,

1983; Bostrom et al,, 1983). Z# 1}, FHHE T 19 &

of MX= 374 J&F OVWW el Bo] BA it
weba B Ao A= pH, 2%, dissolved oxygen (DO) 5

o] 34 F719] 22 Qle] HA A

_ﬂ_
Aol $Eo MAE e wAHA

‘—4

A Ael Asteld AFsRor, HHBe

1z Al %% 10 em oW, sg= 9k Al sl 50 cm ol

ol ANH3A) Table 19 3¢ 2 H24%E 54L& Jehhd
th 3 g Aot sl £ B SARE(SIE %S
S RA 2", 1997~2011)0] m2d FF pHE 7.4~840]

W, =22 2,5, 8 1149 ZH2F Hit 3, 14, 24, 16°C, DOE Hit
H4 53 mg/L, Hdl 12.7mg/Lo|t}.
X

2 oAl A" o] R s e FE7|Ee
I S5l sl el UH - o9 dEle & 5 =R
H,2008). 3, HAE e o] s=v =A4FEHE F
< AN ] TS 24 Ohtﬂ - Fagh aglojth
(Williams et al,, 1976). B/ A& e 02 dukd oz w

el ]‘/P &

A3 M 22 FE 23 < (apatlte P; A-pP) #7153 #
(residual P; R-P), 5 o= &FATHCA¥ =

29 FAES 2238 23 A-P, R-P, Ads-P, NAI-P9] <o
29 oz FhetE )

o

WA AE Aol e S Aoz old §5 =
w#37] 9180 10, 15, 20CA 919 &3
A% e aleloln A% 61, Ao 8
Hol| wel, pH 7.0+05, 9.0£05 oA && EAES 5/51
O AR 5 mg/L o149l Aoz HusL, A o
gt 1 sjele] DOZL 2 m/L olakel Ao WiE L Y,
H5%e] DOE 819 Bwud $e Aow AnHT weA,

_llm oX,

EL‘kﬂloi

2 Aol e 71 mg/Lok 0.7:0.1 mg/LE 72 7]k #7)
Z7Ho7 )\4;96]_04 /\12‘5—]._0_ /\agg]_oi

%%é:_ 42 1 L LDPE bottle(Nalgene USA)el a5+ 800
AEAE 200 g, chloroform 10 mLE F¢3taL, ol &
shakmg incubator(F# 28, DF-94F model)°l4 100 rpm®
2 awwkebaA Ak 57120 AgdME 12413 air
purging ¥ 3FE AMESIR o, @712 AP HFE 44
N purging® ¥ Tfﬁﬁ} At

AZe Ag Az 512 6, 12, 24, 48, T2A| 7o) A 3}s)
AAsEFon, BE A9 glo] A 137 o]ste] ARt F
ot ozbe] F9], 7] N, sparging 5<% %3 pH, DO 352
sl= Fxo2 4t AFHS A5 FA4] 2000 rpm
Z7 A4 9458 (hanil, 514R model) ¥ 48ttt a4 &

A =S pH &%, DO, 214t 2ol pHE thermo orionAt
(USA)9] 420 modelS AF&3F3132, DO= HannaAb(talia) 2]
HI 9828 models AH&3tdtt QIAF 12 s FATHAIEH
o we} 73k

1989). Williams et al. (1976)°] = JE} Wl whel Al A ADE 3 =59 HA ol pH, , DO7} 7|
Table 1 Characteristics of sea water and sediment
Sea water
pH T-P (mg/L) POs~P (mg/L) T-N (mg/L) CODmy (mg/L)
812 0.08 0.02 0.71 11
Sediment
Ignition loss (%) T-P (mg/kg.wet) | Ads—P (mg/kg.wet)| NAI-P (mg/kg.wet)] A-P (mg/kg.wet) | R-P (mg/kg.wet)
54.1 785 (100 %) 97 (12 %) 45 (6 %) 315 (40 %) 328 (42 %)
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AFHAE 1 &Fo VA= pH, 2%, && A FE] dF
y= Byt Bixy + Boxy + B3 2 A AY 37 24 58 sk WA, H4E £F s
+ 319717y + PBo3ToTs + B137,T5 of el =3k A3} Table 30 =A13F vlel Zo] B Ao
A AER 874 209 fousiAl Aol om, A (2)9F 72
o] §7 =AE e HEAES udd Ay BA@FDe] 7t

3.1 2k, pH, DOof & 2t ¢l 2& 54

Fig. 1, 2¢ &%

T HZE Uitk BE A 274 AEY A5 18
olle] 24 #74¢ 3 pHl DO7F Pahe FEOR F45)
2k,

5] iﬁOﬂH% 27} RobdFE AW ol §Eo] Wol
A Ao vekskeh pHol webd pH 9 2710] pH 7
o ma gEel Bolsh AWk

7zA A9 it 2l 85 SHe 57 283 KA
oo} plt 5855 4% 5k S/ BAENCH, pH 7
54 Ws} vine gle

EREEERELIE
AR gl 0900] ol 13442 o] 48 slMe] Be slow
ARAY EEE 144 e, 5 99 8% FEsh 1
SE e WA 5 84 24 H, £ DO FFS

Table 2 Equilibrium concentrations and first-order rate
constants for phosphate release from marine
sediment to seawater at different pH values,

temperatures, and dissolved oxygen levels

Condition Ceq (mg/L) | k (mg/hr) R?

pH 7

N 0.0551 08933 | 0.9989
pH 9

Do) 01918 17748 | 0.9946

Aerobic | PH 7 0.0828 00691 | 0.9079
(15°C)
O

mgl) | Bae) 0.4701 0.0416 | 0.9876
pH 7

Do 0.2045 00480 | 0.9478
pH 9

Do) 0.6080 00575 | 0.9737
pH 7

N 01734 02127 | 09031
pH 9

hoe) 05117 02662 | 0.8613

Anaerobic | PH 7 01111 00349 | 0.8149
(15C)
(DO 07 (=2

me/l) | Oad) 0.9548 00163 | 0.9911
pH 7

Doch 0.3203 00160 | 0.9393
pH 9

Do) 1.0761 00232 | 0.9921

Table 3 Model summary statistics for the effects of pH, temperature, and DO on the equilibrium concentration for phosphate

release from marine sediment to seawater

Fit tests
Source Sum of Squares Dpiifj;n?f Mean Square F-Value P?;gal;l eF
Mean vs Total 1.89 1 1.89 - -
Linear vs Mean 1.08 0.36 15.77 0.0010
2FI vs Linear 0.15 3 0.049 6.56 0.0348
Quadratic vs 2FI 3.896 1 3.896 0.042 0.8469
Cubic vs Quadratic 0.031 3 0.010 1.95 0.4744
Residual 5.367 1 5.367 - -
Total 3.16 12 0.26 - -
Model summary statistics
b | rwaa | ST T s
Linear 0.15 0.8553 0.8011 0.6737 0.41
2F1 0.086 0.9707 0.9355 0.8271 0.22
Quadratic 0.096 0.9710 0.9203 0.7502 0.32
Cubic 0.073 0.9958 0.9534 0.0855 1.16
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Table 4 Model summary statistics for the effects of pH, temperature, and DO on the first-order rate constant for phosphate

release from marine sediment to seawater

Fit tests
Source Sum of Squares Degree of Mean Square F-Value p-value
Freedom Prob > F
Mean vs Total 0.99 1 0.99 - -
Linear vs Mean 1.64 3 0.55 3.03 0.0930
2FI vs Linear 0.72 3 0.24 1.68 0.2846
Quadratic vs 2FI 0.37 1 0.37 4.19 0.1102
Cubic vs Quadratic 0.32 3 0.11 3.57 0.3668
Residual 0.03 1 0.03 - -
Total 4.08 12 0.34 - -
Model summary statistics
b rwna [T T s
Linear 0.42 0.5322 0.3568 -0.0956 3.38
2F1 0.38 0.7673 0.4880 -0.4360 443
Quadratic 0.30 0.8863 0.6872 -0.1309 3.49
Cubic 0.17 0.9903 0.8931 -1.0987 6.47

TZE 2S A 3o Fr)skck mde pitdt R

> 0.05)3 0.9707=

7} 0.0348(FA 7= -
t}(Table 3 %)
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