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2 2F: 443 aliphatic polyester?l copolyesterethylene (CPEE) 9] &AL EYu|VE, 54
2 AP4F EPIHAIE (pot test)d] oJs Hrisixict. CPEE?] QB H7lslr] 918
CPEEd] tiall 23Md& 2 4% nAEE EJo2RE E3Y. o)F 4F7F9) vl ey
EXNE v, A% A 42 Aspergillus Fumigatus, Aspergillus terreus, Penicillium olsonii
2 Fusarium semitectum] A28 LeiFon o|& v E2] enzyme activity: pH 6~8 ]9
A F718he Ae2 Jelgt. olE vjAEd ¢% CPEES] B34 57125 B3 ge 24 #5da
#pol7} Qllout 8F ¥ 70~95% 9] FHPRAEE Uil £3 4PN Eguld] 9% &
A BNAD 60Y F < 11%9 FHpAe WA BAR ZAE B9FYon Rhizopus
Arrihzus lipase& o] 8-3 &Ad 9% 234 HrFd ) 48417 F 35.5% 9] 23188 VeI

ABSTRACT: Biodegradability of the aliphatic polyester synthesized, copolyesterethylene
(CPEE), was investigated by the microorganism and enzyme treatment and the laboratory
soil burial test (pot test). In order to evaluate the biodegradation of the CPEE, four kinds of
microorganisms which have the affinity for CPEE were isolated from soil. These microorga-
nisms were microbiologically identified as Aspergillus Fumigatus, Aspergillus terreus, Penicilli-
um olsonii and Fusarium semitectum, respectively and showed an increase in the enzyme
activity in the range of pH 6~8. With the microorganism treatment, the rate of
biodegradation in terms of weight loss was 70~95%, depending on the kind of microorgan-
1sm treated. Also the laboratory soil burial test showed about 11% weight loss and a de-
crease in the molecular weight of CPEE after 6 months of exposure to microbe present in the
soil. With lipase (Rhizopus Arrihzus) treatment, the rate of biodegradation of CPEE was
about 35% after 48 hrs of degradation.
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Table 1. Quantity of the CPEE Biodegradable
Microorganism in Seil Samples

total degradable

soil samples colonies  colonies
(CFU/g) (CFU/g)
reclaimed land of waste 3x10°  4x10°
horticulture nuresery 5x10°  2x10?
side of waterways 3x10°  2x10?
forest soil rot 2x10°  3x10°
reclaimed land of waste industry 5x10*  3x10°
ginseng patch 1x103 70
field of farming 5x10? 40
seaside 7x10%  1x10?
side of street 2x10%  1x10?
mixed soil 5x10%  2x 10
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sl 2 A3} Fig. 1949} 29| colonyF el A
B it £ g wE 7R W rde ¢
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Figure 1. Clear zone formed on CPEE agar plate by 4 different biodegradable microorganisms: Y(A), G(B ), W
(C), and Bw(D).
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Figure 2. Microscopic photogram (A) and electromi-
croscopic photograms(B, C) of selected strain Aspergil
lus fumigatus G. (A) conidiophores and conidia, (B)
apex of conidiophore with conidia, (C)conidia.
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2 DDT 5¢& Zaidictn 9294 Aok £ As
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Table 2. Morphological and Cultural Character-
istics of Strain G and Y

characteristics G Y

colony morphology
on CYA*

color grey-green cream

size(diam.) 29 mm 40 mm
on MEA**

size (diam.) 55 mm 42mm
growth at 5C no growth no growth
growth at 37 C 80 mm, grey 70 mm, khaki
reverse color pale blond
conidial head columnar compact column
stipes smooth-salled smooth-walled
vesicle spatulate shperical
aspergilla uniseriate biseriate
phialides cover 2/3 of vesicle cover 2/3 of vesicle
conidia

shape globose, ovoid globose

wall smooth smooth

*CYA : Czapek yeast extract agar.
**MEA : Malt extract agar.

walled typeo] B F¥e & P43l
T 2 o) o|F ulde aspergillazt A AL
o, ZAzks 71473 A0 FAE L F R 4FE
o] BAAREL LAE] Qo FARTe| ANZL
gL Fgo|x, FAYAFE wh 7 Alkge £4A
7t 92 Fe & o] F1 U £ A FHoH
¥ smooth typeo]$lth

w3 AEFFE CYAdA i gaise o FFo
4.0 cmQ cream242} colony7} A=< on, MEA
A ul Fslg& woll= F7Fo] 4.2cm? colony7t
PAEen CYAN A wlF3lde wef v=d A
§& Byt 254 wE ASYSE 2HEge o
5 ColMde A3 AegA] BRew 37 CAAe oFF
F AT AEEFe] g A - gEEd SAES
Table 29 Aelsled Ui} o)t e 54
58 Aspergillus terreuse] SA3 Aol fABIR L
o275 qugz Y= Aspergillus terreus2 HE
A Act. Aspergillus terreust= AAA|H o2 3
gl BE¥3l= EYTFFEA] peptone, casein, uread
& N sourced| A 3+ ztats, starch, pectin, tannin,
cellulose2} wheat 53 & cellulotic A EE %

wool, keratin & &3 & o, Bglucosi-
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Figure 3. Electromicroscopic photograms of selected
strain Aspergillus terreus Y. (A) apex of conidiophore
with conidia and (B) conidia.
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M7ZES pale lavender@th. T3 MEAO|A wj %3}
A& o= 2.5 cme| colonyst EAHATH A&
L& ZABIFEUY 5 CoANE AF AAsR] gske
o, 37 CAAE o}F &L colony”} AEYTH A
dire] ey v Jetd S 5L Table 39 uet
Wt old® e BEHEE vjRe B HAdaF
Bw Penicillium olsonii®} 1 §3o] fAlSIG o
2 Penicillium olsoniiz & R840}

MEDF Wo 8 9 ojMEe EM: Fig. 55
AEFFE Weo| duj3aa wizeln] 1x3 £
& AYRH ZFo] A ] $RE
polyphialide (28] EAAZAYAIL) 7L BAaHA
A F79 2SS 7 A el g2 A
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Figure 4. Electromicroscopic photograms of selected
strain Penicillium olsonii Bw. (A)apex of conidiophore
with conidia and (B) conidia.

Table 3. Morphological and Cultural Character-
istics of Strain Bw and W

characteristics

Bw

W

colony morphology

on CYA*
color
size(diam.)
on MEA**
size(diam.)
on PDA***
size(diam.)
growth at 5C
growth at 37°C
reverse color
conidiophores

shape
size
sporodochia

phialides

conidia
shape

wall

chlamydospores
shape
wall

pale lavender
21 mm

25 mm

no growth

2 mm

pale
terverticillate,
smooth-walled

4.0-12004 long

ampulliform

ellipsoidal

smooth

white
30 mm

29 mm

50 mm(3 days)
no growth

13 mm
magenta

simple

absent
polyphialides

2 types

(macro & micro)
curved(macro)
fusiform(micro)
3-5 septate{(macro)
0-2 septate(micro)
sparse

globose

smooth

*CYA : Czapek yeast extract agar.
**MEA : Malt extract agar.
***PDA : Potato dextrose agar.

SEGES

g CYAoﬂ/q HH?}%}%—Q— o] Aol 3.0

cmQl W42} colony 7t A E|A.om, MEACA u
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Figure 5. Schematic diagram of selected strain Fusari-
um semitectum W.
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HEo| EMH|. Lipase U esterase= SAH 5
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Relative activity (%)

4 5 6 7 8 9

pH
Figure 6. Effect of pH on the activity of lipase pro-
duced by 4 different biodegradable microorganisms:

W (@), Bw (O), Y (), and G ().
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9l £} vjd N¥o2 CPEE Y9 23 Hse
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7 BN EE s 1% oz 4yY AnE B
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Figure 7. Weight loss of CPEE films by pot test.
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Figure 8. Degradation of CPEE film by enzymatic
method: Enzyme degradation (%) (Q) and TOC
(ppm) (@).

Figure 9. The state of CPEE films biodegraded by
mixed biodegradable microorganisms (M).
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Figure 10. The state of biodegraded CPEE films after
4 weeks by 4 different biodegradable microorganisms:
W (A), Y (B), Bw (C), mixed microorganisms(D), G
(E), and CPEE blank test (F).
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Figure 11. Weight loss of CPEE film by 4 different
biodegradable microorganisms: Bw (A), W ([0), Y
(O), G (@), and mixed microorganisms(Hl).

Hed uig} Zo] o] EY uHEL FAY en-
zyme E7E Yehll o ol21% &id 93 Be
A AVEEe] dAIRRE FAE Buld aav)
polymer®] H]ZA4 F-Eo AFHo] njARPNY 2B
& WA AT B AEHE F3ATEA
A3 AR BEE TF3 =l A polymer
o] e APATA B} o9} gL PIAFL
polymer?] HHFE Zajso] AN & &2
o] ¥&gAUZ £2E F UAE A B4
EAE c@TFEHEEA d&Hoz Y=o A

EZ oY % Fajrt JPg ©pE CPEE
o] EAWsE =AIS] 98 Eal Afe AW,
CPEE Z& Aldd tig A7 E 9 A4ee 9%
Al&87] (Instron Corp., Model 1011, U.S.A.) & AR
gl FAs¥ o Fig. 129 1 AxE ZHz Jehy
otk Fig. 12914 & 4= d%e] &3] & CPEES ¢
= 2 AZEE Hopizte) AdeE WY 2ast
T AEE Ho AL EE B3 A 185 kg/cm?llA
1653 ¥ 42kg/cm*2A 77%%HE 25}t A%
& A B3l A 630%A 8F £ 15% =2 97% 9]
ZAEE HIAT E3F pot testol] 2§ B AFe
A ¥3le= GPC (Waters Corp., Model 150C
gel permeation chromatograph, U.S.A.) & 24 3}
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Figure 12. Changes of mechanical properties of CPEE

by pot test: Elongation at break(kg/cm?) (O) and

tensile strength(%) (@).

Table 4. Changes of Molecular Weight of CPEE
by Pot Test

molecular reduction
welght Mn Mw Mw/Mn
. rate( %)
periods
before burial 34275 94867 2.7 —
after 2 weeks 33213 88664 2.6 3
after 4 weeks 30566 81435 2.7 11

Qo 1 Ax:s Table 4o Jellit}. Table 4
AAM & 4 U%o] Bt AYBLE B 7gA
AT F3o] WP &S I = Jon 4
F %5 of 11% 714 A" 2A3E Jepidch

2 £

$H4d 3t aliphatic polyesterql CPEE2] 23] A&
BH71817] 93t CPEEY] sl Asid e z= &
U EE EYo2RE Be, 338 ¥ ol #F
o] EA4& vusla ol vAE, ElEs € 4¥
A7 B0y 59 Wiyd o AEsde Hote
A7 ver g AE2E 4t

(1) Edo2Re 2 vAES A dstd
AEs ol ¢ 4F9 #FE o©F 2EsIIn
oj£¢ CPEE dgd HFE 23, dF #AA
uEo] HdetA At S BRFoZH olE
o] CPEEE #3¥ # Je #FY< U3t

#2/ A203Y A63 19963 114

(2) ol 4% AT uPEHH 5AH& ¥
R, B33 A Ztzt Aspergillus Fumigatus, As-
pergillus terreus, Penicillium olsonii 2 Fusarium
semitectum?! o2 HFE FAHI.

(3) B3VAE 4F didld pH ¥ we
enzyme activity 827 HAgtdoz ulFAdo]
pH 6-8 He A enzyme activity7} 7132 <%t
o},
(4) CPEE Eg9o H¥43< Egulyg 4%
o3 B WY, FaHez 2%, Y, 49
4 9 e/ 717t 3¢ 44 0.6%, 0.9%, 3.7%
R 11.1%9] FZ732E 295U

(5) Enzymedl o|& 2314 HrpAz 1827 &
15.7%, 48A12t 2] F+= 355%9] 23 AAE B
pii=

(6) P B 2% R Hr} Ax} 4 #Fd F
FHRAaegL 2F 7tH0 7 o 20%9 FHPA &7
£ Jehlo] 8F Fd) 70-95%9) FHZAE HY

a

(7) ¥3) A% CPEE g9 ARHE ¢ A3e
& 7|7re] AGFE AP O, pot testo] <
FHT BAFE o 34000014 43 Fo <o 30000
o2 ZrAsd).

A BB ATE BANAYE U Wle
A2 +98 A7AR Aol nAE FHo|
28 74 fATRATL WAS A 24

=y,
% 12 3
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