Korean J. Ecol., 21(3):277~ 282, 1998

AMEtA Z8lAE Poly-4-Hydroxybutyrate2] Al 55 o}
EQ2m ol oy

=48 - =F5*- o|F80|

NEEL TR ECEENE RPEE TR FEL S

Relationship between Biodegradation of Biosynthetic Plastics,
Poly-3-Hydroxybutyrate, and Soil Temperature

Cho, Kang-Hyun, Kyung-Suk Cho* and Hyo Hye Mi Lee
Department of Biology, Inha University, Inchon 402-751, Korea
Department of Environmental Science and Engineering, Ewha Womans University, Seoul 120-750, Korea*

ABSTRACT

The microbial degradation of poly-8-hydroxybutyrate (PHB) films was studied in soil
microcosms incubated at a constant temperature of 2, 10, 20, 30 and 40°C for up to 49 days. The
degradation rate measured through loss of weight was enhanced by incubation at a higher tem-
perature. At the soil temperature 40°C, poly-g-hydroxybutyrate was rapidly degraded at a decay
rate of 3.5% weight loss per day. The degradation of poly-8-hydroxybutyrate did not affected sig-
nificantly the chemical properties of soils such as pH and electric conductivity. However, microbial
activity of soil in terms of dehydrogenase activity was increased by the degradation of poly-8

-hydroxybutyrate.
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8 SetEEE JPET A¥o] foldte] Lm|o]
A% F7hea o A EdoloA oF 7R
74 A 4o Uk tgo] FA Eetaye 4
5 AH Aol Yoz 30~403 oo 24E AL
2 oqiEo] B4 dAEHY ANdo] AFE 4F
ot (A 1997). HEAQ A& Fep2 € PHB
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A 21 PHBE AAANAN EUn|AE o3}
o $43 Bz §Pe9e ANl 4N E
o]t} (Madigan et al. 1997). PHB7} E%¢l] vjg=®
FHo| v Eo] Ao Fa7} AP, L3}
U] &2 depolymerase, esterase 59 M ¥ Esjas
€ B3l PHB $YAE ©FH2 28270} (Bru-
cato and Wong 1991, Jendrossek et al. 1993). o] &
A B FTUAEL EYNYEY HE HE F5H9
WAt o3 7] Ev 7] 2ACA CO, EE
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CH.2 wi&so] 43 Zsjdct. B ARy
Eet2g e Fe&Te 9dFS viAe FoF gL
Wy ao2AM Fepige T, oja tRE9 E4
53 A8 2N EIPAE AR, FE o8,
2%, pH 59 Ut} (Mergaert er al. 1993, Doi et al.
1994).

B Ape 242 EY A9FA (microcosm)E o] &
39 E¢ £%7F PHB #al& 5 vX e 98¢L 4
&3, PHB &3 #HAA EF 884 B3 2%
v AE 249 QstE FFs = ok

A7

Alz9| FH|

2 GTelA AR AR EEAHE 7R

sucroseE 7|2 Z 3t Alcaligenes latus (DSM 1123)7}
343k poly-g-hydroxybutyrate (PHB)E A # 3ty F#
0.24~0.58 mme| Hog wE Aoltt (% 5 1998).

AEsid Eek2Y i A¥ed AN EG AlEe
AAFAA] 2x Qephsta wA 9 grjgiud &
A AEZAT. olRY ddele AFHE Ao
9 &% EGoIAtt. A B 747 A% %
2mm AZ HAN AY EYoz FH|EH o] E%
EAL B 70.9% E3le AFFECIUTE (Ta-
ble 1). EFel F71EFFS 7.0%2A H2y FH39
- on, EYY pH(H,0)¢ pH(CaClh)e 77} 6.6 2 6.0
o 2x FAMd 7179t} (Table 1).

A9z WY
By E228e ¥5) YL PHB RaToUE

Table 1. Properties of soil samples used in the micro-
cosm experiment (SD=standard deviation, n=repli-
cation)

Soil property Mean SD n
Soil texture
Sand (%) 70.9 0.04 3
Silt (%) 24.6 0.03 3
Clay (%) 4.5 0.01 3
Organic matter (%) 7.0 0.11 3
pH(H,0) 6.60 0.04 5
pH(CaCly) 6.00 0.02 5
Electric conductivity (45 /cm) 134 10 5
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EY 29FA (microcosm)ol] Ax]ste] AjelA] 4A]
3ttt 100 ml B]A Y 40 go] S EYF A& 72
2 & 7ie PHB FaFHUE W& | 2 9 30 g9
EYE doM A29FAE AFs4d. PHB E85H
Ue 79 3271 0.02 mme HAFE 5XS5 cm? #7)Y
FoUE 9EolA 4x4 cm? PHB %3 1 FAE 7
3 47y Bg 93 FIgu. Wx72A PHB
TAFHUE WZ 70 g EYT We APFAE F
Hlarch W F B FETES A4 A £
g 0% FAHEE SHRFE TH8E HEYUHAE
HojA g Tl

£xo] ME PHBY &3] &£%& ¥|uslr] s,
2, 10, 20, 30, 40°CAA 49Y E< A¢FAE wjgs)
Aot WY F 35YNA = 79 HHLeE 53], 2T 49
x| 7 2x¥E o] PHB E&FoiUE 3431
o 3% PHBE #5E 7)Re] A 60CAM A
Z¢ & FAE ZA3t. £ PHBY &3 w2
EGY vAE 843 35 549 WstE 2ARP)
Azt 29-FAE 30T wiFIAAM Wl F 0, 21,
299 77} 8o N EE HH3A

Eote| 22|, siay 24

EX(soil texture)> sodium hexametaphosphate 24
o2 dgAl ¥ H$A (ASTM No. 1. 152H)Z H|
5% 2X3so e} (Sheldrick and Wang 1993).
EGY fr1EHFE 550ToAM Y FEEHF (loss on
ignition)2.2  FA3dct. E% pHH0)¢ pH
(CaClle &1 EF 2% S5+ 0.0IM CaClLE
1:4 (wiw)2 Ef3t] 2A34 (Hendershot and
Lalande 1993). 38 B9 AV|AEEE EY:SHS
=1:4 (ww)2 E%3d H7]HE%A (Orion model
162)2 A3t}

ndE g 53

EY vAEY 84 EY 3FFH €442 E4 (de-
hydrogenase) €4 =& ZFsd Jeiitt. EY 3F

< PHBE ¥& 29749 dz &¢FAE 747
NaOH &9o] & Eet2Y &7)e) Y du3tx 30T
oA 24A7F wlYs T NaOH €94 F5d CO.E
HCIZ HA3lod 243519t} (Alef 1995a).

94284 AT triphenyltetrazolium  chloride
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£ B A3 30T 24A7 g & A
3le triphenyl formazang A %3] 2R3 (Alef
1995b).

Zo o o
2Eol e PHB 24 S5 #s

B 2% 2 10, 20, 30, 40CAAN EaFHUd Y
o} 3= PHBY FAE 2TCE A A|gto] 723
of wetr] TAEFen, 2 JEFLS AP g W=
Wo e~kol] 8134 A8ttt (Fig. 1, Table 2). 97]
oA Wedt W 24t HE3 t AlZke] Zst 9
PHBY FA (g DM)olx k& E3AS (day ')t}
EYM PHBY Edle AL 2TCdAM e HF o]FoA
A ¥k, 10, 20 ¥ 30ColM RS ke 22 0.
001, 0.004 2 0.005 day~'2 MAM3] Z7139, E3
40CcoME k7b 0.035 day'2M Ra&xrt F43] &
7¥8tdtt (Table 2). o|o] webA PHBY #3) Wty
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Fig. 1. Changes in remaining dry weights of poly-8
-hydroxybutyrate in the soil microcosms at the various
incubation temperatures. Error bar indicates 1 SD
(n=3).
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tp = =7} S718e w2t 10T 771 ¥, 20C
A 173 4, 30TolA 137 UQH Hl3te d0cHME 20
d2 F43] #assct (Table 2).

EYoA PHB #3&xdf d&S F+ /M8 28
829 szt 2xo|t}h, PHBE M ¥ &4 depoly-
meraseo] 93ty F2 RIHe, 4F FFold A7
o] E1|3 depolymerase= 50CoA 70C7HA9 L%
A H1 AL Jeda 2ady g
(Kasuya et al. 1994, Oda et al. 1995). 2 AFJME
PHBY| 37} 40ColA 7H¢ WZA JehdA, B
A9l PHB ¥&l+ Hlwd 2e&oM F43] £Age A
o3 BaEHAY

PHB E2tAH Fafol mE EAo| si5x SMdof Wit

30colA PHBY 317t dojube A9 t 27
A E%e] pH(H:0)$t pH(CaCl)w Al7ke]l 73 3}gtel
webA Frhstgen, T Abold o Art gidich
(Fig. 2). B3 EFY && o] F%FE Yehle 27
AeEe AT g2T Ateld fo% a7t A
(Fig. 2). o]&j8 A2 Ho} PHB/} Egol] vy o]
FiHiste ESY 383 Ao & dFS 1R
%S AoE AzEt). o+ PHB/l @43 E A2
A 57 Fe §7) AdedA ¢dsl BaiEe CO,
H,0, CH.E 7] W&o} pH, A7Hxxs 2 EY
o 33y Bl & 4% FA 97] gEolgx
Azre,

EY9 pHe PHB #3fo] & G842 viX&dl, de-
polymerase 842 & A%+ 7 pH 7.0~9.00)t}
(Briese et al. 1994, Kita et al. 1995, Kasuya et al.
1994). & Ao 8" EFS pHrt fatgogA
PHB #3o] & z7o] o}d Aoz #AdHT)

PHB E2{AH E&ol| g £ ol4E 4o s}

Incubation Decomposition Half-time Coefficient of Significant
temperature rate (k)* (tis2) determination level
() (day™1) (days) (R?) (p)
2 0.0000 el 0.000 not significant
10 0.0009 771 0.880 0.01
20 0.0040 173 0916 0.01
30 0.0051 137 0.959 0.01
40 0.0345 20 0.720 0.05

*W, = Wy e ™™ (W, and W, dry weights at the time t and 0)
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Fig. 2. Changes in pH(H,0), pH(CaCl,) and electric
conductivity of soils in the microcosm with poly-8

-hydroxybutyrate and the control. Error bar indicates 1
SD (n=5).
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o] ARy 0.05 FFEoAM FAT A7t U
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Fig. 3. Changes in soil respiration and dehydrogenase
activity of soils in the microcosm with poly-8
-hydroxybutyrate and the control, Error bar indicates 1
SD (n=5). Astersk indicates a significant difference
(p<0.05) between treatment and control,

2 AZrEAch (Kieft er al. 1987).

EYY €448 BAxE w4 ¥ 429712 PHB
7} AEd AP 7.8 g TPF - g~' - hroio]A] 21.8
pg TPF - g~' - hr~'8 A F71g whde] gz2FoA
= 85 pug TPF-g' - hr '} 13.0 pg TPF-g!-
hro'2 & WEE HolA] ¥ttt (Fig. 3).

EYsEYI gribasre s EYdA b
Aol vjAE Y HAxz 7FHI U (Chen-
drayan et al. 1979, Kieft and Rosacker 1991). 1&]
22 B A¥dA PHB7 H7td EdA i

F2EA BRI 5 AL EYREY EA40
Z7137) W&oln, E3] PHB ¥-3 nAEY Ao
a7 F7HA7] HEd Relth. dA2 20T, 30T %
40cqN PHB7} Ealde s 2 78 E¥E &
MoZ, PHB AL Aoz wM=y 37 43
o g2 nAE] AFAS AFY + UUH
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