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　　　　　　　　　　　（Recetlz｝ed　JzLne　14，　2009　cxnd　acceptad　July　le，　xe・POO2）

　　　　Paperboards　lammated　with　biodegradab｝c，　plastics　were　buried　in　soil　for　six　mont，hs　to

evaluate　the　biodegradability．　The　degradation　rate　of　biodegradable　plastics　was　slower　than

that　ef　our　expectations．　These　results　are　partly　similar　to　those　previously　obtained．　lt　is　con－

sldered　tkat　a　longer　peri（）嬢搬a轟◎欝year韮s　reqwired　for　the◎bserv滋三◎難◎f　s遮麟。＆藍。難a数ge

such　as　a　disappearance　of　materials　when　a　temperature　and　humidity　are　not　controlled．　The

concerted　effect　of　composite　consisting　of　paper　and　biodegradable　plastic　was　not　found　on

the　biodegradation　in　the　present　work．　Thelr　degradation　might　1xxdependently　take　place．

丁熱erate◎f　b沁（盤｝gra（嚢aも董。臓decreas叡蓬ik匙he　f◎圭三（｝w1嚢9◎rder；s㎞P圭e翼）aperb◎ard＞paper　c◎蓬叢ed

with　biodegradable　plastic＞　paperboard　larn，inated　with　biodegradable　plastic＞　siruple

biodegradable　plastic＞plastic　made　from　fossil　fuel．　lt　was　suggested　that　the　biodegradation

登㎏ht　be　pr◎m◎宅ad　by聡design　o驚◎卿1ex玉ty．

1’NTRODUCTION

　　　　In　recent　years，　considerable　attention　has　been　focused　on　the　global　problems　on

environmeRt，　aRd　the　social　collsci，ousRess　on　enviroimaeRtal　pretection　aRd　reseurces

circulation　has　been　extreraeiy　raised．　For　example，　the　political　bargai．ning　is　wor｝dwide

under　way　for　the　ratification　of　Kyoto　Protocol　at　COP3　（COP：　The　Conference　of　Parties

to　the　United　NatioRs　Frainework　ConveRtio．yi　oR　CIimate　Change）　held　in　1997　in　Kyoto．

Forもunaもely，　spec澁。　c◎nse儀uences　forもhe　Kyoも。　Proも◎col　were　adopted厩COP7　he蓋d㎞

Morocco　from　October　to　November　2001，　though　USA　whieh　discharges　the　greatest

amount　of　COL，　dropped　away．　It　is　anticipated，　however，　that　steady　efforts　with　a　lot　of

pa㎞s澱鷲st　be　paidも◎ac賊sveもhe滋搬。

　　　　The　global　wam血g　origtnates　from　the　consumption　of　a　large　amount　of　fossil　fue1．

Also　plastics　rnade　from　fossll　fuel　raised　the　envirorm’iental　pro，　blems．　Plastics　have　been

deve茎◎ped　as　raaterials，　which　are　｝ight，　str◎捻9，も◎穫9h，　moldab至礁a捻d　che搬icalsぜ鰯st麟，

and　contributed　our　convenient　daily　life．　Refused　plastics，　on　the　contrary，　have

enlarged　the　environmental　problems　becaug，，　e　of　very　high　stability．　The　fossil　fue｝　must

be　saved　as　rauc’h　as　pgssible　becanse　of　the　exhaRstive　resogrce．
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　　　Iii　Japait，　1，4iniilioR　tons　of　p｝astics　are　producecl　every　year　altd　i　O　milliorKons　of

refused　p｝astics　are　discharged．　On　the　refused　p1astics，　5　millioxx　tons　are　utihzed　for

generating　electric　power，　although　the　residuary　5　million　tons　are　burned　up　and／or

r曾da㎞鷺d．　Th．e　most　p◎rもiσ訣◎f　lkkutllized　plast宝cs　are　esも註嚢aもed　t（）be　origiRaも慈9　frora

the　packaging　container．

　　　Authors　are　research　werkers　who　be｝ong　to　the　packaging　inciustry　and　beheve　that

it　i，s　our　missioR　to　eontribute　to　pursue　the　beReficial　p｝ar｝s　for　reducing，　reusiRg　and

recycling．　the　products．　Upon　these　circumstances，　the　use　of　biodegradable　plastics，

wh重ch　ca難be　degraded　t◎｝｛ρand　CO、　tmder　Ra撫ral　co繭もi◎償，　is　a：ぐdenも玉y蓑◎もed．

　　　Biodegradable　plastics　are　defined　as　the　plastics，　which　are　degraded　to　low　mol－

ecu｝ar　compounds　by　microorganisms　such　as　bacteria，　mo｝d，　and　algae　（lkada　et　at．，

2000；　Mohanty　et　ag．，　2000）

　　　There　are　already　many　reports　on　physical　characteristj，cs　of　biodegradable　plastics

themselves　（Jacebsen　et　nt．，　1999；　imass　eS　ut．，　i　998；　AiiderseR　et　ae．，　1997）．　But　there

are　little　papers　on　eombined　products　between　biodegradable　plastics　and　other

materials．　Then　our　attention　was　focused　on　the　compiex　of　biodegradable　plas．　t’ics　and

papers　which　are　rrtade　from　unexhausted　reRewable　wood　resources　by　weU－organized

afforestation　and　atmed　to　develop　a　substitute　with　the　funetion　of　styrofoam　used　cus

薮）◎dco就a主ners．　We　have　s就abo虞asもu．dy　on　character圭stlcs◎f　paperboards抵m㎞aもω

with　biodegradable　plastics　because　these　products　are　expeeted　to　be　reused　as　eompost

even　if　they　are　randomiy　discharged　in　the　open　air．

　　　Biodegradable　plasties　be｝oRg　te　the　field　of　greeR　ch，eraistry，　aRd　the　treRds　of

research　and　development　in　green　chernistry　are　available　，from　internet　（http：／／www．

chemsoc．org／network／gcn／；h枕p：〃www．epa．gQv／greenchemistry／；http：〃www。ぬn1．g◎v／

greenchemistry／1　http：／／www．eefic．be／sustech／）．

MATERIALS　AND　METHODS
Materials
　　　Biodegradable　pla＄tics　are　cla＄＄ified　into　three　categories，　biesynthetic　products，

chemically　synthesized　proctucts　and　natural　polymers．　There　are　also　three　kinds　of

もh瞭raw搬aもer玉als，　P三a繋もs，　petroleum　aRct撫eir細lx雛愈．　Am◎㎎th穆搬，　Pdy（lactic　acict）

（PLA）　preduced　by　the　polymerization　of　lactic　acid　which　is　prepared　by　the　fer一一

mentation　of　com，　sugsar　carie，　loRg　stored　rice　or　pahri　are　eiup｝oyed　as　a　biodegradab｝e

plastic　which　fits　our　purpose　（Nolasco－Hipolito　et　al．，　2001）．

　　　Some　samples　of　paperboards　and　functional　papers　laminated　with　PLA　were

prep3red．　They　are　giveR　in’Tuble．　’PLA　filrus　aRd　paperbeards　themselves　were　also　tes£一

ed　as　reference　samples．

ExperimeRtu　fields
　　　Following　two　places　whieh　might　be　different　in　nature　of　soil　were　selected．

　　　　　　　A：Ka㎞一◎hshi．搬a，　Tsukミュba　ciもy，王baragi（撫e　fac宅（）ry　sl．もe）

　　　　　　　B：　Arao，　Tohkai　city，　Aichi　（the　orange　orchard）
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Ta嚢》蓋e．　Sa噸沁S　S晦ecも磁勧撫e　bur董a臨蕊重鍛SO壼1．

Category Commercial　sample
Film　thickness

　　　（pam）

Basis　weight　of

base　sheet　（grm2）

Laminat，ed　pupers

P◎圭yprOpy茎eRe一圭a］融a宅e（至茎）al）erぴ掴「翼一S＊ミ

TF，TRRmaC　Tlr15＊L’　f　Card　B＊3

Ecoloj　u““　／　Card　B＊＃

Palgreen　LC＊5　／　Card　B＊’5

鯉
籍
＄
5
∩
V

1
1
2
n
乙

359

350

350
3Dr　o

Film　individuals

Or重e繋艶《雲茎）o韮ypr◎茎）y｝eke　AF－642緬

TERRAMAC　Tレ15＊2
Ecoloju＊4

Paigreen　LC＊5

◎
齢
5
0

3
ヤ
↓
2
ウ
臼

Paperboard＄
Card　B＊3

ECOBARRY　KN＊i
§
0

5
ド
D

6
0
3E’LA－coated　1／／＞aper　LANI）Y＊’一coated　pal／／）er　f　Card　B＊” 350

＊斐K（）yo　Pa郵）c・r蟹FG　Co．王．颪（蓬．，雑｛∫癒雛ka　C◎．　しもd．，＊3茎（藁e　Pa茎）er蟹欝（：｝C◎．　しもd．，麟鍼誌s縫〉重sh韮P滋s雛cs

Co．　Ltd．，　＊fi　Tohcello　Co．　ILtd．，　＊6　Futamura　Chemi（］a，Hndustries’C．　o．　Lt，d．，　“？　Miyoshi　Oil　＆　Fiat　Co．

Ltd．　All　products　from　＊R，　＊‘　and　＊5　suppliers　are　classified　into　a　poly　（lactic　ac．i（’a）　filrn．

Experimental　period
　　　Six　months　（frorn　June　to　November，　2001）

Te＄ting　methed　（Procedure）

　　　1）　Each　＄ample　cutin　150mm×150inm　was　inserted　in　the　plastic　net　（25．．）OmmX

25，　O　rrun）　（Photo．　1）．

　　　2）The蜘veR　kiRd＄◎f　sa澱Ples　were　arr畿㎎愈d　as　o捻のseちaRd脱y　were　b顧ed　iRt，o

the．　soil　at　the　depth　of　100　mm　on　the　upper　ectge　（Photo．　2）．

　　　3）　The　set／；　of　samples．　was　dug　out　after　a　week　and　each　month　t，hereafter，　ax’td　their

degraded　situations　were　carefully　observed．

やぬoto．　L　S撫m峯）箆茎）iece．
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Photo．　2．　Experimental　case　of　burial　test　in　＄oil　at　Tsulaiba．

RESULTS

Biodegradation　behavior　of　larninated　papers

　　　Appearances　of　typical　samples　dug　out　from　the　soil　after　one，　three　and　six　months

are　shown　in　Figures　1　and　2．　The　parts　of　paperboards　in　all　larninated　samples　were

degraded　in　a　sirnilar　manner．　They　were　degraded　in　an　early　stage　and　disappeared

almost　after　six　months．　The　degradation　took　place　evenly　on　the　whole　parts　without

any　deviation．　On　the　other　haBd，　there　are　large　differences　irt　the　degradatioft　of　fiims．

The　decomposition　of　fj］ms　iR　biodegradable　plastic／paperboard　cornposite　started　to　take

place　after　one　month　and　increased　gradually　（Fig．　1）　while　that　of　filrn　in　polypropy一’

lene／paperboard　composite　never　took　place　（Fig．　2）．　But　the　original　form　was　almost

preserved　in　analogy　with　film　itself　even　after　six　months　and　thus　the　rate　of　degra－

dation　was　not　faster　than　that　we　expected　at　first．　The　effect　of　experimental　places　on

A

B

After　1　month After　3　months After　6　months

Fig．　1．　Biodegradation　behaviors　of　PLA一｝aminated　papers　at　the　lbaragi　（A）

　　　　　　and　Aichi　（B）　burial　locations．　The　PLA　film　corresponds　to

　　　　　　TERRAMAC　Tlr15　listed　in　Table．
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A

B

After　1　month After　3　Tnonths After　6　months

Fig．　2． Biodegradation　behaviors　of　polypropylene－laminated　papers　at　the

Ibaragi　（A）　and　Aichi　（B）　burial　locations．

the　biodegradation　was　also　quite　small．

Individual　decomposition　of　biodegradable　and　synthetic　polymer　films

　　　Figures　3　and　4　show　the　external　appearances　of　oriented　polypropylene　（OPP）　and

PLA　films　by　the　visual　observation，　respectively．　The　synthetic　OPP　fitms　manufactured

from　fossil　resources　were　not　decomposed　in　soil　at　the　different　location　even　after　six

months（Fig．3）．　On　the　other　hand，　the血一soil　degradation　of　the　comrnercial　PLA　films

were　clearly　observed　at　the　both　test－places　for　one　month，　and　their　breakdown　pro一

Fig．　3． Biodegradation　behaviors　of　orieTited　polypropylene　fdrns　at　the　lbaragi

（A）　and　Aichi　（B）　burial　locations．
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Fig．　4．　Biodegradation　behaviors　of　coramercial　PLA　films　at　the　lbaragi　（A）

　　　　　　and　Aichi　（B）　burial　locations．　All　of　biodegradable　plastie　films　in　this

　　　　　　study　showed　the　sim且ar　behavior血their　degradation．

ceeded　gradually　as　shown　in　Fig．　4．　However，　the　original　shapes　of　the　PLA　films　were

recognized　even　after　six　months，　and　the　biodegradation　rate　of　the　PLA　films　was

slower　than　expected　and　reported　so　far　as　well　as　that　of　the　PLA－laminated　paper－

boards．　ln　this　study，　nearly　no　biodegradable　difference　was　confirmed　at　the　different

burial　locations．

Biodegradatio皿of　paperboards　coated　With　or　Without　emU　Isio皿一ty：pe　PLA

　　　Figure　5　shows　the　optical　images　of　paperboards　coated　with　or　without　emul一

A

B

After　1　month After　3　months

，s　　　　．嚢縁r昌．■

After　6　months

Fig．　5．　Biodegradation　behaviors　of　paperboards　coated　with　or　without　emul－

　　　　　　sion－type　PLA　at　the　lbaragi　（A）　and　Aichi　（B）　burial　｝ocations．　This

　　　　　　sample　corresponds　to　LANDY－coated　paper／　Card　B　listed　in　Table．
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sion－type　PLA　after　the　buria｝　test　in　soil　for　one，　three　aRd　six　months．　Both　paper－

beards　were　quite　rapidly　decempo＄ed　in　soil；　the　50e／o，　800／e　aRd　I　OOg／c　iri　each　area　were

broken　down　for　oRe，　three　altd　six　vaeRths，　respectively．　Paperbeards　with　aftd　witheut

PLA　co滋鎗g　de搬◎R就ratedもhe　q擁ck：dec（澱p◎siもio塗ra撫erもhaRもhe　PLA－la：m拠a宅ed

paperboards．　Ne　deviatloR　of　the　disappearance　was　obseived，　and　the　cverall　degrada－

tioR　of　the　paperboards　coated　witk　and　witheut　emulsion－type　PLA　proceeded　similar｝y．

　　　Ne　distinct　difference　iR　the　product　degradatioR　at　the　burial　｝ocations　became

remarkable，　however，　the　biodegradation　in　the　fruits　farm　seemed　to　be　greater　than　that

in　the　factory　site．　Probably，　larger　numbers　of　soil　microbes　mhabit　in　the　fields　than　in

the　industrial　places，　and　must　promote　to　biodegrade　the　composite　materials．

DISCUSSION

　　　　The　general　decomposition　rate　of　PLA　plastics　is　over　800／o　disappearance　for　45　days

under　the　experirnental　condjtions　of　ISO　14855，　and　the　industrial　products　such　as　a

PLA　fim　perfectly　vanish　in　soll　for　1－2　years．　Hewever，　in　this　work，　the　decomposition

rate　ef　the　biedegradable　pla＄tics　was　obviously　slower　thaii　that　reported　above．　The

Biodegradable　P｝astics　Sgciety　also　repcrted　the　poor　degradability　of　PLA　simi｝arly　te　the

results　obtained　in　this　study　（http：ffwww．bp＄web．Reti）．

　　　　The　degradatioR　behaviers　ef　every・　piece　of　the　PLA－lamiRated　paperboards　dis－

t重nctly（雌ered丘om　each　other血the　burial　test㎞so簸．　The　pla就ic鑑m　parts　rema孟捻ed

unchanged　even　after　6　months，　as　weli　as　the　individual　films　and　the　lamnates，　although

most　of　the　paperboard　piece　disappeared．　The　variation　of　the　biodegradation　behavior

probably　depends　on　the　kinds　and　the　distribution　of　soil　microbes　degrading　each

component．
　　　　On　the　biodegradation　mechanisms，　the　polymeric　products　such　as　polyesters　were

at　first　hydrolyzed　non－enzymatically　and　then　the　resulting　low　molecular　fragments

were　finally　converted　to　water　and　carbon　dioxide　by　the　metabolic　reaction　of　soil

microorgar匪sms（Tspji　etα9．，2001）．　Therefore，　the　dif：艶rences血the　degradation　behav－

iors　between　the　paperboard　aRd　the　PLA　fim　of　the　｝amnated　preduct　uRder　the　same

conedtierts　suggested　that　the　PLA－degradmg　microbes　were　smaller　in　Rumber　thaB　the

ceH℃経◎se－degradi縦90蓑es血S（）i三致）r　the　bUrla夏test，

　　　Little　sysergistic　effeet　by　the　lamikatioR　ef　biodegradable　po｝ymers　with　pelysa¢一

charide　materia｝s　oR　their　degrad3bility　was　recognized，　aRd　thelt　the　biedegradatioR　ef

composite　materials　would　proceed　individually．　As　mentioned　above，　the　decompositioft

of　biodegradable　composites　depends　on　the　fungtts　characteristics，　and　the　cornbination

of　biodegradable　plastics　and　matriX　materials　has　little廿沮uence　on　their　biodegradation，

excluding　an　exceptional　example　that　the　composite　materials　themselves　breed　and

activate　the　microorganisms　with　an　abihty　to　decompose　the　biodegradable　plastics．

　　　The　biodegradability　of　the　products　subjected　to　this　study　was　as　follows；　paper－

board，　paperboard　coated　with　biodegradable　polymer，　paperboard　laminated　with

biodegradable　plastics，　biodegradable　plastics　and　petroleurn　plastics．　The　significant

differences　between　the　PIA－coated　and　PLA－laminated　paperboards　strongly　suggested

that　the　biodegradation　rate　of　the　composite　products　could　be　accelerated　by　the　hybrid

desi即of　the　each　composite　material，　and　the負蕊her拠vestigati◎n　w◎uld　be　necessary
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for　the　practical　application．　Higher　crystallinity　of　biopolymers　offers　the　excellent

physieal　properties　aRd　the　poor　biodegradability，　and　thus，　the　manufacturing　con－

ception　of　new　products　must　be　carefully　administered　for　solving　the　aRtinomy．

　　　The　Japanese　lndustrial　Standards　（JIS）　Committee　and　the　lntemational
Organizatiox　fer　StaRdarClizatioR　（ISe）　define　three　types　of　ev3iuaticR　indiees　for　the

material　biodegradab血ty　as　folows；

1）　Determination　of　ultimate　aerobic　biodegradability　of　plastic　rnaterials　in　an　aqueous

　　　medi㎜：Meth◎d　by瓢easu血g　the　oxygen　demaRd　in　a　closed　respir◎艶eter（J王S　K

　　　6950　／　ISO　14851），

2）　Determinatioft　of　the’　u｝timate　aerobic　biodegradability　of　p｝astic　materia｝s　in　an

　　　aqueous　medium：　Method　by　analysis　of　evolved　carbon　dioxide　（JIS　K　6951　／　ISO

　　　14852）　and

3）Deter】x曲ati◎蓑◎f　the穏も㎞ate　aer◎bま。　b重odegradabihty　a蓑d　dis㎞もegraもi◎嚢◎f　p1asもic

　　　materials　under　controlled　composting　conditions：　Method　by　analysis　of　evolved

　　　carbon　dioxide　（JIS　K　6953／ISO　14855）．

　　　IR　ad｛Mtion，　the　four　JIS　methods　are　under　coRsideratioR　aecording　to　Final　Draft　of

International　Standard　（FDIS）；　1）　Determination　of　ultimate　anaerobic　biodegradability　of

plasもic】gciaもerials撫an　a（担e◎us】xiediu】餓（FD1S　14853），2）Determ魚哉もi◎嚢of慧1timaもe

anaerobic　biodegradabijity　of　solid　plastics　（FDIS　15985），　3）　Determnation　of　breakdown

of　plastic　materials　in　composting　systems　（FDIS　16929）　and　4）　Determination　of　ultimate

aerobic　biodegradabillty　of　pla＄tie　materia｝s　in　soll　（FDIS　17556）．

　　　The　burial　test血so丑血this　study　was　performed　at　the　ground　out　of　enVironmental

control，　being　different　from　the　above　staRdard　methods．　However，　the　practical　cases

are　very　complicated，　and　most　of　packaging　materials　are　frequently　put　into　disposal

with　other　wastes．　Therefore，　the　suitable　deterr血ation　for　the　biodegradabihty　of　com－

posiもe　c◎憩P◎ReRts蟄ust　be　estab菰shed数）r　pr◎m◎も重Rgもhe　research　a嚢d　developmeRt　of

the　functional　design　of　biodegradable　materials，
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