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¥ aluminaE 1.5 cm7} A ST A7) F5E FE A
F2E ¢glo] 20 ml IS AAAIZ F FEE S w@3lra
o] FAo o] &t FEE Z]HJ’:T g8l ie 30 mX
0.32mmX0.25 um fused silica capillary column (SPB™')o] 7
ZH GC/FID (HP 5890 series II, Hewlett Packard, US.A)E
o] &3t BT GCREAS At =2 2714 100°C
ANA 3 E7F AR ¥ 7 38 280°C7HA] 27 ¥ 2 &
FHAEAT. FUN 2 2EV] 255 280°C, ol5TIAE 1L
&= AL, flow rate= 40mlmin”'2 O)FA| AT 3 GC
chromatogram’d 4] n-C,/pristane™} n-C, /phytane P15 Zt2} 4F
Z3tq v Eof gt AEE ARE IRk AR T}
(12,21). oJdj %7] Z+ n-C,/pristane, n-C,y/phytane Hl= ol
ARE3E Ao FRo mel Aoldty B ATolx ARE-gH
Arabian light Ur«l 7ZAolE zHz} 355, 25 Wl 2 Jephgttt

01E 24
ESAE lem’S
mixer (Waring Co., US. A)E 1 B3 £33+ &
EEAS 93 AR o]|f3Hth 249 uAESE ZoBell
2216e BAUA|(33)0] A3 oz HNE XEE HIT
F 25°ColA 7 A7b WIS | BAE e Algste] &
&é}sat} AFES) vAYESE 0.2% Arabian light 9-5-7F 8
B H2MA(NH,),S0, 10g KHPO, 03g &A%, 750
ml; Z5<7, 250ml; 33, 15 )0l AES AEFH F 25°CoI 2

100 ml&] B9 sl H7}ste] Blender
1—50]4.9_ u]zkg

74 ) obs}ﬁg ) F4E L At Ik
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ARV|7H5S HE "7|esE 1 & AFAAM 2741 1.6°C,

22} %J_%‘oﬂxi 11.9i3.8°C93ﬂ'. Al59] Hit g2 1 A 4
oM 14.15£3.19%, 2 ZF AFGolM 7.5+42%2 &L 2
A A wrog 12 485 He of 2 iAE =4}
(Table 1).
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BHA] % T (plot DETH 3 ¥} H 20~33 v} H= 247} =4
UrE}‘;kﬁ} TS 2 2} B} 1Ak AN o4 1) F
T 25 9 2.3 viAE A fAEA oldE Z}Ol“ g0l
244 °§°§°§ﬂliTE1 FLES FEA7IE AEE Fo2
& AolA Jehd ule} o] oF 2 miF= %3 —’F# o
o 9J%k Ao E AlZ HrKTable 1).

Fig. 2& A3717t6< & M2]725E 29 Al59 1W4
g H3lE Yeld Aoltt FH9 mesocosmAE EF H-54)
A2l Corexit 9527° AT (plot MNOA Z7)o] H& §38A4
o] AEHUoH o]F FAadte HIE HEon o)gt rAe
1 AR} 2 2} AollA F8ekA veltth 1 xF A8lA plot
me] THAEgke 27] 8 ¢ B9t 43.7 dynes cm™& R-X|3FY]
°Ur o|% HAAH o7 Zylst] FRAA Y 93t f3leHo]
A 717 FAE BHEFg 24), 2 2 Ao JUdEA 9} fE
AAIE FAl A E plot o] TEAEL 3 YollA] 7 & A}
olol] 430014 714 dynes cm ' 08 FA3] FUl5le X7|HE
wz2A fsldgdo] AHEHISS & UThFig 2B). | A A
FollA FFEA AelFplot ] HHFHL 8 AT 16 YT
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Fig. 2. Fluctuation of surface tension in the first (A) and the second (B)
mesocosm tests. A: O plot I (Arabian light crude oil only), @ plot II
(Arabian light crude oil + slow release fertilizer), A plot IIT (Arabian
light crude oil + Corexit 9527%).B: A plot I (Arabian light crude oil
only), V plot II (Arabian light crude oil + slow release fertilizer), ¥
plot gl (Arabian light crude oil + slow release fertilizer + Corexit
9527%)

Table 1. Average of water content and concentration of inorganic nutrients during the first and the second mesocosm tests

1st mesocosm test

2nd mesocosm test

Plot 1P Plot IIY Plot III® Plot I Plot IT Plot [II®
Water content (%) 14.98 + 3.66 14.60 + 3.13 12.88 = 3.03 6.36 % 4.66 835+4.33 7.80 = 3.58
: : 5
Total dissolved nitrogen 822 +1.70 5583 +7.19 734+ 1.04 623+ 127 19.50 + 2.67 17.83 +2.00
(ug-N g™ -sand)
. 2)
Total dissolved phosphate 126+0.17  8305+13303 5601026 1.64 + 1.04 5432+8518  30.83+47.81
(ug-P g”'-sand)

DSum of NH,, NO, and NO,; ?PO,; » Amended with Arabian light crude oil (3%); ¥ Amended with Arabian light crude oil (3%) and slow release
fertilizer (170 g urea form (419.7 mg-N g") and 240 g mixed form (67.7 mg-N g", 50.4 mg-P g")); »Amended with Arabian light crude oil (3%)
and Corexit 9527% (0.12%); ® Amended with Arabian light crude oil (3%), slow release fertilizer and Corexit 9527%.
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W 2ot} A 'alrad] FEE XS JYFAE A
gt plot IolA] 16, 37 YAl 242+ 0.81, 037 mg g'l-sandZ 7
250] 747} 67, 85%2] E3l8-% UehNUTHFig. 3A). Plot I
oflA] A gslaE 7 YARA] 221 mg glsandE A1}

o1}, 16 YAP 1.46 mg g'l-sand®E A48t oF 41%, 37 &
2ol 56%2] &2 242t VERITE vhdE] t27Q0 plot I
oA AE |bslrAe 16 YAA] FESHA AaEA] &gk
1} 37 4 Zolle 123 mg g '-sand TR0 8 323 74U

AE gslrio] A7 AEESH A EES Bt &
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Fig. 3. Fluctuation of aliphatic hydrocarbon (A), n-C,./pristane (B)
and n-C g/phytane (C) ratio in the first mesocosm test. O plot I
(Arabian light crude oil only), @ plot II (Arabian light crude
oil +slow release fertilizer), A plot III (Arabian light crude
oil + Corexit 9527%).
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C,o/phytane Bl g 27] 2.6014 16 LAl 0812 FAa=H At
TI2EE plot MoIM= APFHA] & 27|17 H AL g@slei
o HEFH] Eeirt wEA IPHASS ¢+ AokFg. 3-
B, C). FEAAE A& plot M A%, n-C, fpristane = n-
Cg/phytane Bl= 2715 16 d7HA] ol W37} gldlew
16 ¥ o]% 37 A7A] 47} 26, 228 Fjdoz Fe AWESH
# B2 vehdch whHe] tiz72 plot 1914 #-C, /pristane
9 5-C,o/phytane HI= 16 YR7HA] plot M} FAMS BES 2
FoLt 37 Aol 149} 1422 242t 7FAEke] plot MR} U
F& AN AFHASS & 5 UM

2xAE

23} Agelre &4 JFDA S} FEAA Corexit 9527°
= A APeE W #Fe ARl vAle ¥ ¢
OFETE Fig. 4= 7+ AT AYF ©3lFL, n-C fpristane
% n-C,/phytane Hle] Hso|tt. =T plot 18] AZ g3l
FAhFET £7] 1.81mg g'lsandolA 7 L2} 147 mg g7-
sand2 WLEA ZHAEIoH 50 Y=ol 1.17 mg g l-sandE 36%
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Fig. 4. Fluctuation of aliphatic hydrocarbon (A), n-C,,/pristane (B)
and n-C g/phytane (C) ratio in the second mesocosm test. A plot I
(Arabian light crude oil only), V plot II (Arabian light crude oil +
slow release fertilizer), W plot IlI(Arabian light crude oil + slow
release fertilizer + Corexit 9527®).
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o] B8-S vebithFig. 4A). vhdol &4 JUdAE A
gk plot MollM A HE BElpie 7 Ak 059 mg g '-sandS
Yelel 2715 %9} viwste Ralgo] 6192 23] 7))
gom 50 Yol AFEE 004 mg g'-sandE 98%9] =&
g Vel &4 FEEAS} FEAHAIE Al 2
gk plot MY AWE &3l 7 Y2l 1.18 mg g™'-sand
2 35%9] &S Ve AEA FFEATS 223 plot IT
Ho} e Faes Btk Jejv 7 o olF AWE vl
= 14 A71A] wWEA| 724 AFFE 064 mg glsandE L
Elor 50 Y}l 0.11 mg g l-sand® 748t 89%2] Hafl&
< JERTh

AERS) AEQ] n-C . fpristaned} n-C /phytane Hl= hZ72)
plot Io}A] 371 30 Yol 242} 2.99, 2512 F2) & HEES 7}
=] A] efgkon} 50 Uxpol| z42z} 2,15, 1.922 ko] HEE
o] APHUSS & & Ut ASA JFGATE A3
plot 11®] n-C, /pristane™} n-C,g/phytane ¥l= 27| 7 47tA] &
A Z40E BT 30 Yol 049, 0408 ERATE 53] 50
YA}l = pristane ¥} phytane3}HE= 43 E35 o) nC,/
pristane® n-C,/phytane HIS #4HE 4= {1t} wbdo] x)4:4
FFaAt FEAE A A plot MO #-C, /pristane}
n-C g/phytane Hl= 27] 3 G742 279} FARSE ghe B
AEN7E ABEA kot o]F 14 I7pA] WAl sl
A& GUBATHE H713E plot IETF Tha A9k §AalE 7

2743 Jehdith

048 =4

Fig. 5= 47712t 5 Z} mesocosm\] 4% 0] A E-(Hetero-
trophic Microorganism; HM) 2 #3753 0] 4 &(Petroleum De-
grading Microorganism; PDM)9] #EH WH3lE HoFE 19
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Fig. 5. Fluctuation of heterotrophic microorganism (HM) and
petroleum degrading microorganism (PDM) numbers in the first (A &
B) and the second (C & D) mesocosm tests. A: O plot [ (Arabian light
crude oil only), @ plot II (Arabian light crude oil + slow release
fertilizer), /A plot HI (Arabian light crude oil + Corexit 9527°). B: A
plot T (Arabian light crude oil only), %/ plot If (Arabian light crude
oil + slow release fertilizer), W plot lI(Arabian light crude oil + slow
release fertilizer + Corexit 9527®).
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ot 1 & AFelA HM Z PDME EE AdA7oA %7] 3
Lzl 10~100 ¥i7HA] F43] F781om o] T A& o
FEA Mot FEAAl Mo nAES B2 S7HE 1Y
ThFig. 5A). A& F4ES AEgh plot 19 4 HMS 7 Y
a2t 74X 10°CFU g'-sandZ 125 vehjon o]F H2A
08 A3k 36 dAfolle tiaTe] Bise] we g Jeh)
o} dbE {EAAIE 223 plot MOlA HME 16 Y=}l 2.9%
10°CFU g'-sand2 HTXE YEPJOH o]F 36 U71A] 4.9%
10'CFU g'lsand &5 A3l 44 dYEAE ALdd
plot M€t £& JHA] & Btk d&279 3% HMS =7)
10°CFU g'-sand®llA] 3 Y&}l 107CFU g'-sand®] &8
10 MiAE Frhetdoem olF 36 UA7ix & wWslglo]
10'CFU g'sand 755 FA3t5ch PDME 94| HMQ] ¥H3}
W& FrAFeFATHFig SB).

2 A} ARA] AGA LIRS H2g plot 19} A&A
FFEA St FEIAE A M2 S plot M) HMS 27] 8 &
¢ 543 F7kke 10°CFU gl-sand 59 =28 F 50
AR DA 5 FASIATHFig 5C). EF plot Tk 1T
A HMO] & AF7IZbERt HT 5.59+4.5X10°CFU g~
sand®} 5.00£4.16 X 10°CFU g'-sand® F plot7tol] T3t }o)
£ Holx gkgton i 1.32+1.61X10'CFU gl-sand® UE}
W 29} Hlaste] oF 50 Wi E okt PDMO] EX =
HM®] $iste} FARE AEEE B | A} A 73¢9 2t
(Fig. 5D). 13} A4 FEIA A4S 2718 plot 10
X PDM2 7 Y3} 14 Y Aolel] A& dgBATHS H71EE
plot IETH w9 £2 £ YR A AF717He<t A
2 F& MAFE e

n #

sl PAES EY € FAE T3 o A998
ol de] X3t I822 72 E A 78 A
v 72 26T = J= nAEERY ZAFA B
oJES7] wiEo AN EqrdEY 4L FEshs
A FAART Fa3)t), B Aol ollujolal A ol
oAdH e EPARGNA A&A FUFG A (Slow Release
Fertilizer; SRF)$} f1-2FA19) Corexit 9527°2) A@v BT E
o gEe] A autxoz HX3HTHFg. 5). 28V A7
o] FHARE T ALE dalrhes RS X 3 B
o} SRFE A8 79 384 253819t (Fig. 4). ©183 A}
A2 Hol nAET FRIFEHY WSS o] Ba)S
AANIEE fEshe FE4H9 Hele EFn AR 43S
Z8IHA T AA A o2 A ghalrhe] RS F34)7)
Ae X Aoz wordc) 3 N19YEHE swle Haapg
X wAE] AEINE FHse 7Y FF QA= E9Y
AL Aine} Qloehe AME FRIE = AT

2] AT o] FEPsrIye H4-S B3l &

FREE WA AR, fFESEYR S v 10
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A Bl sow Qe dekees . ST 41
o4 F71449) 91 H7HE SRE AP A% BEYY o
ARLAIEEE 2) BLo1500] 2] 3-7 Y ool 100 W of

4 Z7FIck(Fig. 5). ©]#1dt A= Swannell 5 (28)2] ZHz}
oF ARG ot 71 Bard )b +ﬂ1/\}%}~ e
2 3 Jshdye] s Nre S8 ETHT,19).

durA o7 Bt S Tt FElE FAE 7] Wl o
FEAY M Eds vdE B RV S48k EYHE &l
wo] o]FHE Azt B8 A&5dE sk B A
o}e] s ahgo] s AgHThs23). AdH B T8 74
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ABSTRACT: Effects of Slow Release Fertilizer and Dispersant on Biodegradation of Qil Contaminated

in Sand Seashore Mesocosms

Jae-Hak Sohn, Kae Kyoung Kwon, and Sang-Jin Kim* (Microbiology Lab, Korea Ocean

Research and Developement Institute, Ansan P.O. Box 29, 425-600, Korea)

To evaluate the effects of slow release fertilizer and chemical dispersant on oil biodegradation, mesocosm stud-
ies were conducted on sand seashore. The rapid removal rates (85%) of aliphatic hydrocarbons and the simul-
taneous decreases of n-C ,/pristane (69%) and n-C, /phytane (61%) ratios by the addition of slow-release
fertilizer (SRF) within 37 days of experiment indicated that SRF could enhance the oil degrading activity of
indigenous microorganisms in sand mesocosm. Although the growth of heterotrophic bacteria and petroleum-
degrading bacteria in the mesocosm treated with Corexit 9527 was stimulated, the biological oil removal based
on the ratios of n-C,,/pristane and n-C,¢/phytane was inhibited. Removal rates of aliphatic hydrocarbons (56%),
and n-C,/pristane (27%) and n-C,¢/phytane (17%) ratios by the addition of chemical dispersant Corexit 9527°
were similar or lower than those values of control (50, 60, 46%), respectively. The biodegradation activity, how-
ever, when simultancously treated with SRF and Corexit 9527%, was not highly inhibited and even recovered
after the elimination of chemical dispersant. From these results it could be concluded that the addition of SRF
enhanced the oil removal rate in oligotrophic sand seashore and chemical dispersant possibly inhibit the oil bio-
degradation. Hence, in order to prevent the unrestrained usage of chemical dispersant in natural environments
contaminated with oil, the National Contingency Plan of Oil Spill Response should be carefully revised in con-
sideration of the application for bioremedaition techniques.



