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Akadate Juangthaworn 2008: Life Cycle Assessment for Environmental Performance Comparison
of Cassava-Based and Polystyrene Foam Packages. Master of Engineering (Chemical Engineering),
Major Field: Chemical Engineering, Department of Chemical Engineering. Thesis Advisor:

Associate Professor Thumrongrut Mungcharoen, Ph.D. 221 pages.

This research is aimed to use life cycle assessment technique to compare environmental
performance of cassava starch based and polystyrene foam package using the SimaPro 7.0’s software, with
the CML 2 Baseline 2000 method for environmental impact assessment. Functional unit was specified as
10,000 single-use lunchboxes; size: 5x7x1.5 inches. System boundary was considered from raw material
extraction to disposal phases but excluded the package use phase. It is found that during the lunchboxes
production and transportation to consumers, the environmental impact of cassava starch lunchboxes is 5.78
times more than the polystyrene foam lunchboxes. 78.68 percent of the total environmental impact from
cassava starch lunchboxes occurred during the package production. The main environmental impacts are
marine aquatic ecotoxicity, abiotic depletion and global warming, respectively. An essential factor which
caused these impacts is the usage of electricity during production process. For polystyrene foam lunchboxes,
63.39 percent of the total environmental impact also occurred during the package production. The main
environmental impacts are marine aquatic ecotoxicity, human toxicity and global warming, respectively. Also,
the essential factor is the usage of the electricity during production process. For final disposal method of the
cassava starch lunchboxes, the highest environmental impact is sanitary landfill followed by incineration and
composting, respectively. Soil conditioner obtained from composting can help circulate carbon and replaced
chemical fertilizer production. For the polystyrene foam lunchboxes, the highest environmental impact is
sanitary landfill followed by incineration and recycling, respectively. Considering a whole life cycle, the
environmental impact of cassava starch lunchboxes disposed by composting is less than the polystyrene foam
lunchboxes disposed by incineration or sanitary landfill but it is higher than the polystyrene foam lunchboxes

disposed by recycling.

Student’s signature Thesis Advisor’s signature
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| Classification | | Characterization | I | Normalization | | Grouping | | Weighting |
< _b5 < _5 I -~ - < G
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VOC
\‘| Photo. oxidant |————’| Cont. to PO
CO,

7| Acidification Cont. to Acidification
SO,

NO, 7| Eutrophication |——I"| Cont. to EU

Def. impact
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Single index

Resourcce

Land ]
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Type of plastics Functional Cradle-to-gate Type of waste treatment GHG emissions Ozone Acidification Eutrophication

unit non renewable assumed for calculation (kg CO2 eq.) precursors (g S02 eq.) (gPO4 eq.)
energy use (MJ) of emissions (g ethylene eq.)

Petrochemical polymers

HDPE 1 kg 80 Incineration 4.84 n/a n/a n/a

LLDPE 1 kg 72.3 Incineration 4.54 n/a n/a n/a

LDPE 1 kg 80.6 Incineration 5.04 n/a n/a n/a

LDPE 1 kg 91.7 80%incin.+20%landfilling 52 13 17.4 1

Nylon 6 1 kg 120 Incineration 7.64 n/a n/a n/a

PET (bottel grade) 1 kg 77 Incineration 4.93 n/a n/a n/a

PS (general popose) 1 kg 87 Incineration 5.88 n/a n/a n/a

EPS 1 kg 84 Incineration 5.88 n/a n/a n/a

EPS 1 kg 88 None (cradle-to-gate) 2.8 43 170 6

EPS (PS+2%SBR

+Pentane+Butane) 1kg 87 None (cradle-to-gate) 2.72 1.2 18.5 2
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Type of plastics Functional  Cradle-to-gate non Type of waste treatment GHG emissions Ozone Acidification Eutrophication
unit renewable energy assumed for calculation of (kg CO2 eq.) precursors (gSO2 eq.) (g PO4 eq.)
use (MJ) emissions (g ethylene eq.)

Bio-based plastics (pellets)

TPS 1 kg 25.4 Incineration 1.14 n/a n/a n/a
TPS 1 kg 25.5 80%incin.+20%compost 1.2 4.7 10.9 5
TPS 1 kg 254 100%compost 1.14 5 10.6 5
TPS 1 kg 18.9 Incineration 1.1 0.2 4.6 1
TPS+15%PVOH 1 kg 24.9 Incineration 1.13 n/a n/a n/a
TPS+52.5%PCL 1 kg 48.3 Incineration 3.36 n/a n/a n/a
TPS+60%PCL 1 kg 523 Incineration 3.6 n/a n/a n/a
Starch polymer foam 1 kg 324 Composting 0.89 5.5 20.8 3
Starch polymer foam 1 kg 36.6 Wastewater treatment plant 1.43 5.8 20.7 3
Starch polyester film 1 kg 535 Composting 1.21 53 10.4 1
PLA 1 kg 57 Incineration 3.64 n/a n/a n/a
PHA by fermentation 1 kg 81 n/a n/a n/a n/a n/a
PHB various process 1 kg 66-573 n/a n/a n/a n/a n/a

An: Narayan and Patel (2004)
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Material Greenhouse gas Abiotic depletion Eutrophication Litter marine Litter aesthetics

consumption (kg) (kg CO, eq.) (kg Sb eq.) (kg PO4 eq.) biodiversity (kg.yr) (mZXyr)
Degradable polvmer
Starch-PBS/A 3.12 2.5 0.00487 0.00273 4.26E-05 0.078
Starch-PBAT 3.12 2.88 0.023 0.00406 4.26E-05 0.078
Starch-polyester 4.21 4.96 0.0409 0.00494 5.75E-05 0.078
Starch-PE 3.12 4.74 0.0694 0.00258 0.0078 0.078
Oxo-biodegradable 3.12 6.31 0.101 0.00236 0.0039 0.078
PLA 4212 16.7 0.0776 0.00911 5.75E-05 0.078
Conventional bags
HDPE singlet 3.12 6.13 0.102 0.00246 0.0078 0.312
Kraft paper 22.152 30.2 0.285 0.0266 0.000302 0.078
PP fibre "green bag" 0.209 1.95 0.023 0.00126 0.000241 0.00187
Woven HDPE "swag bag" 0.216 0.631 0.00934 0.000231 0.000107 0.00148
Calico 1.141 6.42 0.0177 0.00795 3.09E-06 0.00164
LDPE "bag of life" 1.04 2.76 0.0422 0.00114 0.00257 0.00746

1301: James and Grant (2005)
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(kg/person eq./year)
Abiotic depletion 6.39E-12 0.3
Global warming 2.41E-14 0.21
Ozone layer depletion 1.94E-09 0.17
Human toxicity 1.75E-14 0.11
Fresh water aquatic ecotoxicity 4.9E-13 0.1
Marine aquatic ecotoxicity 1.95E-15 0.1
Terrestrial ecotoxicity 3.72E-12 0.1
Photochemical oxidation 1.04E-11 0.05
Acidification 3.11E-12 0.06
Eutrophication 7.56E-12 0.06

Land use 8.06E-15 0.1
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Global warming kg CO, eq. 3.24E+03
Ozone layer depletion kg CFC-11 eq. 0.0014
Human toxicity kg 1,4-DB eq. 398
Fresh water aquatic ecotoxity kg 1,4-DB eq. 101
Marine aquatic ecotoxicity kg 1,4-DB eq. 2.38E+05
Terrestrial ecotoxicity kg 1,4-DB eq. 2.64
Photochemical oxidation kg C,H,eq. 0.67
Acidification kg SO, eq. 16.9
Eutrophication kg PO42- eq. 1.97
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AT Scenario 1 Scenario 1, Scenario 2 Scenario 3
energy
recovery

Abiotic depletion kg Sb eq. 4.04E-03 -9.13E-02 5.80E-03 -9.89E-01
Global warming kg CO, eq. 1.33E+02 1.25E+02 4.70E+00 -3.50E+01
Ozone layer depletion kg CFC-11 eq. 6.84E-08 -5.93E-06 1.33E-07 -3.94E-05
Human toxicity kg 1,4-DB eq. 2.82E+01 2.71E+01 2.27E+01 -1.21E+02
Fresh water aquatic ecotoxity kg 1,4-DB eq. 3.24E+01 3.22E+01 5.11E+01 4.16E-01
Marine aquatic ecotoxicity kg 1,4-DB eq. 4.21E+04 4.14E+04 5.71E+04 4.52E+04
Terrestrial ecotoxicity kg 1,4-DB eq. 6.69E-03 3.99E-03 3.39E-02 1.89E-01
Photochemical oxidation kg C,H, eq. 3.88E-04 -5.32E-04 9.61E-04 -4.88E-03
Acidification kg SO, eq. 1.04E-02 -1.82E-02 3.22E-03 -2.01E-01
Eutrophication kg PO 42- eq. 2.27E-02 1.89E-02 2.35E-01 -3.63E-02
Land use m2><yr 1.77E-02 3.41E-03 1.25E-01 0.00E+00
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119e Scenario 1 Scenario 1, Scenario 2 Scenario 3
energy
recovery
Abiotic depletion kg Sb eq. 6.99E-02 -3.46E+00 8.68E-02 3.97E+00
Global warming kg CO, eq. 8.39E+02 5.29E+02 7.14E+02 -1.40E+04
Ozone layer depletion kg CFC-11 eq. 1.12E-06 -2.21E-04 1.90E-06 5.47E-05
Human toxicity kg 1,4-DB eq. 2.85E+02 2.43E+02 3.07E+02 1.64E+02
Fresh water aquatic ecotoxity kg 1,4-DB eq. 1.16E+02 1.09E+02 1.41E+02 6.81E-01
Marine aquatic ecotoxicity kg 1,4-DB eq. 3.68E+05 3.43E+05 4.60E+05 -2.16E+05
Terrestrial ecotoxicity kg 1,4-DB eq. 7.23E-02 -2.77E-02 1.82E-01 3.42E+00
Photochemical oxidation kg C,H, eq. 5.66E-03 -2.84E-02 1.46E-01 -4.46E-03
Acidification kg SO, eq. 1.67E-01 -8.91E-01 9.40E-02 3.51E-01
Eutrophication kg PO 42- eq. 1.82E-01 3.92E-02 1.66E+00 2.96E+01
Land use mZXyr 3.97E-01 -1.32E-01 1.75E+00 1.32E+01
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PS Cassava PS Cassava PS Cassava PS Cassava
scenario 1 scenario 1 scenario 1, scenario 1, scenario 2 scenario 2 scenario 3 scenario 3
energy energy
recovery recovery

Abiotic depletion kg Sb eq. 2.92E+00 2.30E+01 2.83E+00 1.95E+01 2.92E+00 2.30E+01 1.93E+00 2.72E+01
Global warming kg CO, eq. 4.55E+02 4.08E+03 4.47E+02 3.77E+03 3.27E+02 3.96E+03 2.87E+02 -1.07E+04
Ozone layer depletion kg CFC-11 eq. 2.29E-04 1.41E-03 2.23E-04 1.18E-03 2.29E-04 1.41E-03 1.89E-04 1.47E-03
Human toxicity kg 1,4-DB eq. 4.57E+02 6.83E+02 4.56E+02 6.41E+02 4.52E+02 7.05E+02 3.08E+02 5.72E+02
Fresh water aquatic ecotoxity kg 1,4-DB eq. 4.22E+01 2.17E+02 4.20E+01 2.09E+02 6.10E+01 2.41E+02 1.03E+01 1.02E+02
Marine aquatic ecotoxicity kg 1,4-DB eq. 9.51E+04 6.05E+05 9.44E+04 5.80E+05 1.10E+05 6.98E+05 9.82E+04 2.50E+04
Terrestrial ecotoxicity kg 1,4-DB eq. 5.08E-01 2.71E+00 5.05E-01 2.61E+00 5.35E-01 2.82E+00 6.91E-01 6.10E+00
Photochemical oxidation kg C,H, eq. 2.25E+00 6.80E-01 2.25E+00 6.46E-01 2.25E+00 8.20E-01 2.24E+00 6.78E-01
Acidification kg SO, eq. 1.85E+00 1.71E+01 1.83E+00 1.60E+01 1.85E+00 1.70E+01 1.64E+00 1.75E+01
Eutrophication kg PO42- eq. 1.87E-01 2.14E+00 1.83E-01 2.00E+00 4.00E-01 3.61E+00 1.28E-01 3.16E+01
Land use m2><yr 2.02E+00 4.91E+02 2.01E+00 4.90E+02 2.13E+00 4.92E+02 2.00E+00 5.04E+02
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Pb 50 F 100
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I o 1Y " Y Qy o Y I a ad 1A (]
ﬁ'lilﬂu'ﬂ\?ﬂﬂigﬂﬂﬂlllluf)ﬂﬂj']i@ﬂag 1 YDIUIHUNLNN Llazlﬂu'ﬁ]uvﬁﬁlﬁ'ﬁllllﬂﬁnﬂiﬂﬂ@ﬂ

aane e

=S 1A Y
mwamwllumuiaaaz 5
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2.2 ﬂ’]iﬂﬂﬁ@‘ﬂﬂ'J’]llﬁ’]i]'liﬂsluﬂ’]ifi@flﬁa’]mlﬂﬂﬂl%}fnﬂ']ﬁ (Aerobic biodegradability
A A ) [ Y I a <3 Yy 1 1 A
tests): NAAANNITUININATDUNITYDYT DY @]@Qlﬂuwa’]ﬁ’ﬂﬂlﬂuvl'lllllu']uﬂ'ﬂ 6 L1ADU L
' A A ' Y} a y v vy A A
ﬂ’]iEl@Elﬁa’]ﬁl"’llENWa’]ﬁﬂﬂﬂﬁ’]lﬂiﬂﬂ@ﬂﬁa’]ﬂ]lﬂﬂ'l\‘lslfjﬂ']W@]f)\W]@\nJ']ﬂﬂ'J']ﬁ@ﬂag 90 tUINYU

591994

2.3 Manageuanuamsalumsdesaatonuy lilEe10 e (Anaerobic
. e A A o 1 9 I~ a < ! ]
biodegradability tests): WATTANNISUININATDUNTYDYT DAY doatuwaraanmny 3 liuu
A1 2 1foU LazMIgosaaIBuRINaIEANNaINIndosaa1s lan1ITInndsIde NN 3o

4 o I 1
az 50 ieisunuanuilullldmsdeeaarenangug
3. MUY (Disintegration)
4 9 . . ’q ¥
3.1 Myneu Inaniuuu 101019 (Aerobic composting): NFEUIUMIADN INan 141an
A 1A [ 4 A o a9 09; @ Y A 9 ~ (BN
wnfga linu 12 ddent vazlitagnadou liinudesay 10 veuhminudausudu 2l
AZUNIITOUVUIA 2 HAaIAT
4 q Y . . 79 ¥
3.2 msneu Inaniuuy 131¥0101% (Anacrobic composting): A5EUIUMIABY TN 1
A 1A [ o A o rTa 9 3’ @ Y A 9 A 1
nawnniga lumnu 5 dilem veziitaanaaeu binusesaz 10 veurhminudasudu 7'l
AIUAZUNTITOUVUIA 2 Haatung

<3| a 1 a
4. AN uNEATTUUHNN (Ecotoxicity)

[ = A Ld' Y 1 J Y 1 9 1
’E]@]i1ﬂ13\‘1’E]ﬂlLﬁ%ll?ﬁ"]f?lﬂ?W"lJf)\‘]W“]fﬂLW1$ﬂQﬂ1H¢I3@ﬂNﬂ@NI‘Wﬁ°ﬂ ﬂf)\‘lllllu’ﬂﬁlﬂ'ﬂ

Y A~ @
3980 90 WBINIUNUYAAIUAY
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d 2 % d' Y d
amnasgiuveadmnalanzniinfeonldil lalunealwan
4 a @ { { S @
maauas guvesdium Tanzminuniganeou 1w 1d luaey Tnaninali (British
J Y o
Standards Institution, 2002) ttazney 1 aANNIAAVIEAT 50U (United Kingdom Register of

Organic Food Standards, 2001) L@AIAIAITINUINT V1

Maawuni v1 USualavewiinneou 19018 luaen Tnasina liuazaeu Twas

519) Sinasiieenuliila (adniudenTansunen Twail)
BSI UKROFS
uaALiew <15 <0.7
Tasiiew <100 <70
NOILA <200 <70
Az <200 <45
5om <1 <0.4
aina <50 <25

qanzd <50 <200
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ada d VU o \
353!ﬂ§1$ﬂﬂ%%ﬂﬂ1ﬂuﬂﬂ1ﬁ°‘]

a 7 a g < 3
1. ﬂ'li'lm§'I$Wﬂﬁll'lillﬂ']'lll%u!Lﬂ%ﬂl'ﬁNlWQ‘ﬂQ‘ﬂﬂJﬂ

ailnsal
1. dou
4
2. 1N 09%
3, Waoos
anx
503

U o 1 J o A a =~ q'/oyw
wadred1aldTunases i lounigumgil 105 essuaaFod aunsznaiinyes

U

v
1 ~

o ll ~ o o 3} v = A o a < 3
AIDYINAIN (ﬂigll']ﬂ! 3 "]f:]jll\i) FUNUNAI0819NH A0 NoMUIUHIYT UV UVINIHNA

N15AILIN
(W,—W,)X100

uae

~
I
=
S
|
s

Y
. = Miindl0819NaUDY

k4
] v

WININAIBE19HAIDY

Taeh

v y
= IDYASVDIANITUYU

4 £ 2 =
Il

v a < o
= 5azU09UTUULVINIHUA
a d a 2 A Y (a 9 a 4
2. ﬂ"li”JLﬂTI%W']JﬁJTmGIJ@QLLGINTﬁgLWEJllﬂ Usuauon vazdsunaumsueu (Blank, 1965)

pilnsal
. dou
2 o
2. 13095

3. B
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an
A5N13

o w L]

A ~ a ~ 3| o 091 A
HIAIDYNNAIUNITOUNYUW YN 105 e IFaead Wl 3 615'3111\‘] Ul‘ﬂmwm

a o 3‘ Y ] { § . a <3
gUNYN 550 f)\‘]ﬁws]falé]ﬂfﬁlﬁ G]S\‘]HW??Hﬂ@I’J’E)EJNﬁ&Wa@ tﬁ@ﬂ1u3mﬂiiﬂﬂ!‘ll’t)\‘ll!ell\iﬁglﬁﬁltlﬁj

N15AIUIN
(W, —W,) X100
VS =
W,
Ash = 100— VS
VS
Hay C = —
1.8
d’ 09’ % -7 1 1
Taeh w, = hmindieg1anoum
Y
w, = MMINAI0819M AN
Aa <3
W = $osazvovllTuavosdaszmeld
Ash = Fosazvoad)Turand
4
C = $osazuoinsuou

3. M3uaszrysua 1uIn sy (Blank, 1965)

. . = a v 1 a d! 1 ]
Total Kjeldahl Nitrogen (TKN) 11094 Usuna luTasiauludmedwaudsdiulng

ﬂzagﬂugﬂmm Organic Nitrogen %30 Ammonia Nitrogen

91n3al
1. 19309949
2. m?msiaa (Digestion apparatus)
3. naeAd 1M U808 (Digestion tube)
4, m?’mﬂé”u (Distillation apparatus)
5. vIndSUYSuasuIIa 100 tag 1,000 Haaans
6. YAy vUIa 50 HaaanT
7. NIZUONAN
8. dulavuia 10 uag 20 Haadas

9. PATAVUIA 10 Haaans
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10. AZINTI 0.25 HAdINAT

REIGEY
v A A Yy 9 9
1. AsaalTn (ANuduTUTosaz 95-97)
2. TnunaFsudama (K,S0,)
3. apulosFala (Cuso,)
4. asazareTxaoy laason s (NaOH solution) ANMdNduTveaz 40

[ 2’ o a t:y 9Yq ¥ I3 I~ Y Aa a
axa1®e NaOH 400 n5u lininau 1 ans na B3 lddu oA lumsuzniiaga
etloeiulild co,whllla
5. A1592a19n5AVUD3N (Boric acid solution)

2
a a

Y
a o aa < 1 [
azane n3AUesN (H,B0,) Tuthieu 700 aaaas nel3lddu mldvaalsy

[l Y
Ysmasvuia 1,000 daddas Fsussgemuea 200 Hadaans we ity vniuly

asazane ladoulalasenlaq 0.05 N voaas 1Sy ldarsazaeiisanusunse - wa
Y v
dszanm 5 ud1sudsinasdroindulilsmasvesarsazarailu 1 a3

6. nsalalasnanin 0.01 M

an
A5N13

1. FOUAIDINHIUASLATIVUIA 0.25 HADINAT 31U 0.5-1.0 n5U ldluriaoa

AMTVIRYVUIA 250 Haaans

2. 1A K,SO, 7 151 CuSO, 0.8 n51 tagnsaganain 12 Jaaans worlnannu
3. 1 hlgeefiamnnil 380 ssriwarioa Whunat 60 wii 131G

4, Futhndu 75 fadans acluvasadmiugos

5. 13Tiagacsazatei 1dnmstes 10-20 dadans laluvan udaudu

A

asazareTaasy laasonlesd 10 Haaansasly i lUndudamnissnau
6. Tulansaveinsuiu 25 addas Taluwaagdyusy i lUnaAsess
YBANAININMIAIVLU UV UATEINAY Hunanseua 4 wid

]

A 9 T )
7. e ldvounalrnnmnuudugali g 11 1l lnmsadensa'lalasnao
a A a a A I A A a v K a ~Aq Y
30 dvesveunalzldsunnddeniludinuaingega Tuiindsuasvesnsaiilalums
Tnmsa

o 4 =Y ' J o a Jd v ' 4
8. 1 Blank ¥4 lifided1enaug Tldrenumsinsziaredie e ldlums
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M
N, = (T =B)(14.007)(N)(100)
w
e N = U5 lu Tasmuavua

= UsuasnsanlFlums lnmsadiegs (ua.)
= UsuasnsanlFlunslnmse Blank (Wa.)

Y 9 Aq ¥ 7
ﬂanumumumaaﬂiﬂmi%ﬂwyﬂs@(uasuaa)

£ zZ @ =
Il

Y
= WHUNAI0Y1N (Waansy)
4. MIATIEHANURULUY

an
A5N13

]

anuvuiuansan ld laemsthdednussyaslunisuz inswSunas

Y Y ]
o o [ A

Y Y ' Y v [
NTZUNNILIY 3 AT NNUUFUIMTNMFULRNA0619 Kdvia1eg AST oA URaY

:’ o 4
ndnaeuInan

ANVHUIWUY = ;
15asnen Tnan
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MmIsmadaaIumsvouas lulasou

%

o a g 4 o 7 ' ' 4 v
TumsiuumlSinadagminidesns 19 nsdismuadadiuszrninmivouds

TuTasmu ansadinuldannaums

C.(TS)FC(TS) +C(TS) G,

N.(TS,)+N.(TS.) + NA(TS.) N,

{ J @ % a
Tagh c, = fosazmsUouveITaguInYiia A
< @ % a
TS, = YRIIIIIWURITARHNNYTIA A
J g % a
c, = fosazmivouveITaguinyiia B
< @ % a
TS, = YDIUUIIINVRITAQUUNYTIA B
J @ % a
C. = fooazm1svouvDITaqHINYiia C
< @ % a
TS, = YRIUIIINURITAQHUNYTIA C
¢ a9
C = MIVPUNADINS

= $ovay lulasnuvesiaaninyila A

>

%

= fooaz lulasouvesiaguinyiia B

w

&2 a

= Fovaz luTasnuvsdiaaniineiia C

q

O

zZ z Z Z

= TuTasundeams

o



207

MANHIN D

A a < dy 4
ﬂmﬂaauuﬂmqmwgu anudunsa-tue uazmmwaaﬂwaw



d‘ a I A d
nmﬂaﬂmgﬂaaqmﬂqu ﬂ’J'IN!‘IJ‘Hﬂiﬂ-HJﬁ uazmmwummﬂauiwaﬂ

Y A A ¢ ¢
ﬂ151QN‘H’Jﬂ‘ﬁ 1 Qﬂlﬁ{]mmaﬂﬂl@\iﬂ@ﬂﬂ@NIWﬁﬂﬂa@ﬂigElgl'JﬁWﬂfJiJIWﬁVl
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a 4 ~
auvgunay (GNE KIS )]

1381
() Blank Blank Blank Disint Disint Disint Ecotx Ecotx Ecotx  Ambt
1 2 3 1 2 3 1 2 3
1 27.6 28.5 27.85 27.85 27.9  28.45 27.9 27.9 27.7 26.9
2 383 40.72 382 39.3 38.28  41.18 36.5 36.7  35.68 26.62
3 4375 4473  44.53 445 4517 46.17 4237 4225 40.65 2528
4 39.8 3993 39.75 3998 4192 427 39 39.5 36.47  25.17
5 41.05 40.08 39.56 388 4253 4335 4145 412 3835 2555
6 40.88  39.15 3825 39.05 41.38 4248 4295 43.28 38 24.48
7 36.32  36.72  35.82 372 3922 3784 37.12 3546 35.64 26.16
8 39.72 3895 3825 39.23 457 4423  41.27 41 38.37 2535
9 38.37 3573 36.17 3643  39.97 38.5 4423 428 43 24.33
10 37.93 35.8 3537  36.83 39.63 3847 46.17 49 45.6 2433
11 36.63 346  33.73 33.8 36.23 36.7 48.13 50.23 4543 26.5
12 38.2 343 34.2 32.13  34.83 34.8 51.2 4927 46.73 2293
13 34.1 32.53  33.13 329 333 33.2 46.2 46.9 46.2  26.53
14 31.1 30.8 3233 31.17 313 31.8  40.63 4127 42.07 25.07
15 313 30.5 30.1 30.45 30.8 30 3525 41.05 37.9 24.7
16 34.6 34.1 335 30.75  33.95 32.8 38.95 43.25 39.6  22.55
17 37.65  38.35 35,6 3485 36.55 36.3 413 4455 42 22.45
18 38.1 36.35 344  36.45 35.7 349 3835 39.15 41.05 23.05
19 34.75 33.6  49.05 35.5 33.35 33 36.7 37.6 379  25.65
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A A =~
UMHUINGY (NS KIS )]

1381
()  Blank Blank Blank Disint Disint Disint Ecotx Ecotx Ecotx Ambt
1 2 3 1 2 3 1 2 3

20 33.9 33.2 32.6 34 343 34.7 36.7 36.4 37.8 28.2
21 33.6 32.7 31.8 329 32.5 33.6 35.8 35.6 35.7 25
22 33.7 32.8 32.1 34.2 33.1 322 35.7 36.3 35.7 28.8
23 31.7 31.3 30.3 30.7 314 31.8 32.7 34.3 334 27.4
24 354 329 33 34.7 32.6 32 35.9 37.7 38.4 244
25 35.1 33.8 33 34.8 32.5 323 35.2 36.9 38.8 28
26 33.7 33 31.6 32.7 32 31.5 334 34.1 37 28.2
27 33.7 332 32.1 334 324 32.5 335 33.6 34.8 30.6
28 335 32.5 32.8 33.5 32 324 33.8 339 35.2 28.3
29 335 33 33 33.5 32.7 32.5 33.8 334 34.6 26.5
30 33.9 32.8 334 33.6 323 32 34 33.54 342 28.7
31 314 30.6 31.1 34.2 322 32.3 32 34 335 28.7
32 333 33.1 332 33.6 32.7 33.1 33.8 34.9 36.3 27.5
33 33.8 34 343 34.1 33.6 33.7 34.9 34.7 354 28.5
34 33.8 333 334 34 32.9 35.2 34.8 34.9 35.1 32.1
35 34.2 334 34 34.6 334 329 33.6 34.2 34.8 32
36 35.6 31.9 334 34.1 34 34.1 34.2 34.6 34.8 31.5
37 34.2 323 33.1 344 343 34.7 34 34.5 34.7 29.7
38 324 32.7 33 33.1 35.2 329 322 323 329 30.4
39 33.1 32.5 33 32.5 343 324 39.2 38.9 37.4 28.7
40 30.1 31.2 30.5 30.3 30.4 30.5 314 31 31.6 28.8
41 31 31.3 31.5 31 31.2 30.7 313 30.5 322 27.4
42 31.1 31.5 32.8 32.1 31.3 31 29.9 31.8 32 30
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A A =~
UMHUINGY (NS KIS )]

1381
()  Blank Blank Blank Disint Disint Disint Ecotx Ecotx Ecotx Ambt
1 2 3 1 2 3 1 2 3

43 31.5 322 34 329 329 329 33.2 34.5 32.7 32.7
44 31.8 32.5 34.7 33.5 335 33 33.1 33 35 32
45 31.9 32 324 32.7 31.5 32.1 33 323 32.6 28.6
46 31.7 31.6 34.9 33.5 335 34.3 334 32.8 31.9 26.1
47 29.6 29.8 314 31.1 30.3 29.8 30.1 29.6 29 26.1
48 30.5 29.6 314 30.9 30 28.7 30.1 29.2 29.2 273
49 29.1 30.6 31.7 32.7 30.3 304 30.3 29.9 30 22.6
50 28.9 28.5 31.5 30.3 38.9 39.1 38.6 38.7 37.6 27
51 29.2 29.5 33.7 32.7 313 30.8 30.3 30.7 30 29
52 30.1 29.6 33 32.7 32.6 31.5 31.1 31.1 30.1 28.9
53 324 36.1 35.9 35.6 36 34.8 333 332 33.5 28.2
54 323 329 36.1 36.3 36.3 36.3 33.1 33.7 32 27.4
55 30.6 30.1 354 33.8 343 359 31.5 32.5 31 29.9
56 30.7 30.8 35.9 344 353 36.3 33 33.8 31.1 30.3
57 314 3225 37.6 36.8 36.45 36.7 3395 3495 3195 29.9
58 32.1 33.7 39.3 39.2 37.6 37.1 34.9 36.1 32.8 31.2
59 32.8 344 38.4 39.1 37.4 38.1 36.1 36.4 329 31.6
60 33.8 36.7 37.7 38.1 36.6 37.6 35.6 35.2 32.6 31.6
61 34.2 35.5 36.3 39 37.1 354 39.7 36.4 36.9 31.9
62 334 36.4 37 37.3 36.1 36.8 38.4 35.2 335 253
63 34.1 36.2 37 37.5 36.2 36.7 37.1 354 342 26.4
64 34.6 36.5 36.3 37.7 33.9 353 355 33.8 353 27.8
65 34.5 36.4 36.6 374 34.2 35.7 35.2 33.5 35.8 29.5
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A A =~
UMHUINGY (NS KIS )]

1381
()  Blank Blank Blank Disint Disint Disint Ecotx Ecotx Ecotx Ambt
1 2 3 1 2 3 1 2 3
66 34 36 36.1 36.9 33.7 35 34.9 33.7 34.8 29.6
67 33.8 359 36.3 36.9 33.8 35.1 34.8 339 34.5 28.7
68 335 354 36 36.4 33.2 34.7 34.2 33.5 34.1 30.2
69 334 35 36.1 359 334 339 34.5 33.7 33.9 31.2
70 33.1 34.2 35.7 35.6 33.1 339 343 33.6 334 30.4
71 32.7 33.8 35.6 354 33.2 33.7 342 33.5 33.8 30.6
72 32.9 34 35.1 329 334 339 33.9 33.7 33.6 29.5
73 33.1 339 35.4 32.7 33.1 33.8 34.1 33.7 334 28.7
74 32.8 33.7 34.8 334 33.2 33.5 34 33.5 33.7 29.3
75 32.7 33.6 34.7 329 335 33 33.8 33.2 33.9 273
76 32.5 33.5 343 32.6 33.1 33.2 33.6 33.1 33.8 28.4
77 324 33.7 33 329 332 33.1 335 33.2 34.1 26.7
78 32.5 33.5 332 32.6 32.9 32.9 33.7 333 34 27.3
79 324 334 33.1 334 33 32.7 334 33.6 33.8 29.8
80 323 33.1 32.9 329 33.1 32.8 335 33.5 33.7 29.4
81 32.1 32.7 32.7 32.6 33.1 32.6 323 333 33.5 27.8
82 32.5 334 32.6 334 33.2 32.7 33.2 33.5 334 29.5
83 324 33 33.1 329 334 329 335 33.7 33.6 29.4
84 32.1 322 32.7 32.6 33.1 329 323 33.1 334 27.8
HU8LYie: Blank ﬁ’f] YANIURN

Disint fip YANAFOUMIUINTAIOLAZAUNINVDIAON TNAN

S a v A
Ecotx ﬁ'ﬁ] “]éﬂ‘ﬂﬂﬁ@ﬂﬂ')”llllﬂuwyﬁﬂﬁx‘l_l‘]_lulﬂ]ﬁ

Ambt Ao Uiiﬂ”lﬂ1ﬁf9]}’f]uiﬂﬂ
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3
2. AN unsa-we

4 & P ¢
ﬂ1§1QNN3ﬂﬁ 2 ﬂ’J”IllﬂJuﬂiﬂ-L‘]_lﬁ“U@Qﬂﬂ\‘]ﬂﬂ?JIWﬁV]@]ﬂ@ﬂinggL'Ja1ﬂ@llIWﬁ‘V]

<
1381 anutdunsa-tue

[ 4
(ﬁﬂm‘ﬁ) Blank Blank Blank Disint Disint Disint Ecotx Ecotx Ecotx

1 2 3 1 2 3 1 2 3

SUAY 6.8 7.2 7.1 6.8 6.9 7.0 7.0 6.8 6.9

1 8.3 8.5 8.5 8.7 8.6 8.7 8.6 8.4 8.5
2 8.6 8.4 8.3 8.7 8.9 8.7 8.8 8.7 8.7
3 8.5 8.7 &5 &5 8.5 8.4 8.5 8.6 8.3
4 8.2 8.1 8.3 8 8 8.6 8 8 8.5
6 8.1 8.2 8 8 7.9 8 7.8 8.3 &5
8 7.8 7.6 8 7.5 7.5 7.5 7.5 7.5 8
10 7.5 7.5 7.5 7.7 7.4 7.5 7.5 7.2 7.5
12 7.2 7.3 7.5 7.6 7.4 7.5 7.3 7.3 7.4

W19 Blank A0 gAAIUAY
Disint Aip YANAFOUMIUINTAIOLAZAUNINYDIAON TNAN

| a v A
Ecotx ﬁ'ﬁ] ﬂéﬂﬂﬂﬂ@ﬂﬂ??ﬂlﬂuwyﬁ@53']_|°]_|°L!L'Jﬁ
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A 2
3. USuannuFy

4 A f ¢ P
ﬂ1§1QNN3ﬂﬁ 3 ']Jﬁ?J”Imﬂ'J”I?J‘AKUGIJ@Qﬂﬂ\‘]ﬂﬂllTWﬁﬂ@aﬂﬂigﬂglfJa1ﬂﬂﬂJTWﬁ‘ﬂ

) &
1391 IVYALANUYU

[ A
(d1lasd) Blank Blank Blank Disint Disint Disint Ecotx Ecotx Ecotx

1 2 3 1 2 3 1 2 3

FUAY 69.20  69.20 69.20 69.20 69.20 6920 6920 69.20 69.20

1 70.58 59.13 6147 6394 6879 61.68 7123 65.65 57.51
2 62.70 62.85 62.55 62.85 6279 6095 6124 64.03 63.54
3 63.33 6395 6131 6551 59.66 60.11 67.72 6698 62.97
4 54.10 55.11 5796 59.84 60.53 5481 5797 5595 61.21
6 61.72 6432 5537 60.19 60.13 5789 6637 65.14 62.57
8 53.82 53.61 50.80 57.87 56.88 5437 58.10 58.60 57.60
10 5342 5261 5334 50.07 54.00 5572 54.05 56.61 56.28
12 58.70 53.66 56.81 5828 5935 5934 58.66 5740 55.23

W19 Blank A0 gAAIUAY
Disint Aiv YANAFOUMIUENTAIOLAZAUNINYDIAON TNAN

| a v A
Ecotx ﬁ'ﬁ] “]iﬂ‘ﬂﬂﬁﬂﬂﬂ')”llllﬂuwyﬁﬂﬁx'l_lllulﬂ]ﬁ



214

MANHIN N

=

v JA ) 9q 9 < a 1 a
i1Elﬂ13WH§W%%LLH$U11W1%1Hﬂ15“ﬂﬂﬁﬂﬂﬂ?’lulﬂuwyﬂﬂi$ﬂﬂuwﬁ (OECD 208)

E]



v
I o

518ﬂ1§ﬁ1&§ﬁ‘5%!!1&$1&

Q

Y @ J
ﬂ151ﬂwu3ﬂﬁ a1 i']ﬂﬂ'liwu‘ﬁﬁclf

1x1¥lumsnaaeuanuuiyneszuuHNa (OECD 208)

£

[
=

NUUSU

o

Il umsnaaeuanuiuiyae sz UL

215

Family Species Common names
DICOTYLEDONAE

Chenopodiaceae Beta vulgaris Sugar beet
Compositae (Asteraceae) Lactuca sativa Lettuce
Cruciferae (Brassicaceae) Sinapis alba Mustard
Cruciferae (Brassicaceae) Brassicachinensis Chinese cabbage
Cruciferae (Brassicaceae) Brassica napus Oilseed rape
Cruciferae (Brassicaceae) Brassica oleracea var. capitata Cabbage
Cruciferae (Brassicaceae) Brassica rapa Turnip

Cruciferae (Brassicaceae)

Lepidium sativum

Garden cress

Cruciferae (Brassicaceae) Raphanus sativus Radish
Cucurbitaceae Cucumis sativa Cucumber
Leguminosae (Fabaceae) Glycine max (G. soja) Soybean
Leguminosae (Fabaceae) Phaseolus aureus Mung bean
Leguminosae (Fabaceae) Pisum sativum Pea
Leguminosae (Fabaceae) Trigonella foenum-graccum Fenugreek
Leguminosae (Fabaceae) Lotus corniculatus Birdsfoot trefoil
Leguminosae (Fabaceae) Trifolium pratense Red Clover
Leguminosae (Fabaceae) Vicia sativa Vetch
Solanaceae Lycopersicon esculentum Tomato
Umbelliferae (Apiaceae) Daucus carota Carrot
MONOCOTYLEDONAE

Gramineae (Poaceae) Avena sativa Oats
Gramineae (Poaceae) Hordeum vulgare Barley

Gramineae (Poaceae)

Lolium perenne

Perennial ryegrass
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Family

Species

Common names

Gramineae (Poaceae)
Gramineae (Poaceae)
Gramineae (Poaceae)
Gramineae (Poaceae)
Gramineae (Poaceae)

Liliaceae (Amarylladaceae)

Oryza sativa
Secale cereale
Sorghum vulgare
Triticum aestivum
Zea mays

Allium cepa

Rice

Rye

Shattercane

Wheat
Corn

Onion

fan: Organization for Economic Co-operation and Development: OECD, 2003
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1 ATRRTRFIE Tt 12.5 x 12.5 Hadwas

a d’l’ <3 k4 1a 9 g’ @
2 Ysmaanuduuazvewisszameld  liinudesay 35 Tasimin

v

3 USnauiazniig Y lnaini 5 dadwas Tinu 5% Tagimmin
4 waaan uia Yaqiiay uazlangoug  dealill

a a A @ v 9 ' 9 091 o
5 Ysunadunisiag litfesn¥ewas 30 Taeimiin

1 S
6 manutlunsa-1ue (pH) 5.5-8.5

@ 1 o 1 =Y
7 dadrumsveuae lulasou (C/N) Tau20: 1
8 armstih i Tty 6 03T Auas

a @ 19 'Y 3’ o
9 YFa5190 1115 HaN - TuTasu (total N) litfosnii3eesas 1.0 Taeimiin

Y
-Wloawese (p,0,) hitfesniifesas 0.5 Tamimiin
Y
- Twmandou(k,0) hidesnindesas 0.5 Tagtinin

10 @151 (Arsenic) Tty 50 Tadniu /A lansy

uAALeN (Cadmium)
Tasiiew (Chromium)
NoAULA (Copper)
mf%’; (Lead)

son (Mercury)

o a

L3y 5 Hadnsu/nlansu

3Py 300 Hadnsu / nlansu
l3ispu 500 Hadnsu / nlansu
l3ispu 500 Hadnsu / nlansu

TyiiAu 2 Taansu / Alansy
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The environmental impact is... Environmental categories Symbol
Energy, waste All others
...much higher > 200% > 500% ++
...hight 125%-200% 167%-500% +
...comparable 80%-125% 60%-167% (0]
...lower 50%-80% 20%-60% -
...much lower <50% <20% -

31 Estermann LAz A (2000)
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