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Sample _ e : Telephone
Client * Shenzhen Esun Industrial Co., Ltd No.#
Address® 465# Xiaowu Road, Xiaonan Economic Development Zone, Xiaogan, Hubei
P;SSE{E i:, Shenzhen Esun Industrial Co., Ltd
?;'1?51::)}' ¢SUN Biodegradable Polycaprolactone Trade Mark* Polycaprolactone
Type and Date of Receiving
specification* PELSHC Production® Aug. 1, 2019 Date Nov. 25,2019
: L Quantity of L Date of L
Sampling Place the batch Sampling

Description of
Sample

Samples were white resin and sheet made from the resin.

Standard of Test

ASTM D 6400-12 "Standard Specification for Labeling of Plastics Designed to be
Aerobically Composted in Municipal or Industrial Facilities" and EN 13432:2000
"Packaging-Requirements for packaging recoverable through composting and
biodegradation-Test scheme and evaluation criteria for the final acceptance of packaging"

Summary of test

7 items enlrust@d_f_‘dr-iéét, 5'items passed and accepted, 2 items without conclusion.

03~07 items of the sample wer 'e- qualified according to the Standard with ASTM D

(I:I:)Sfcehcjzi%nn 6400-12 and EN 13432: 2000 01~02 items of the sample were not conclusion for not
specified in standard‘ ST
1.The client's objectlon,‘ in.case there is any, shall be submitted in the written form within
15days upon receipt of the test report. No acceptance shall be allowed when the objection
is overdue.
2.Duplication of part of the test report shall not be allowed unless with the written
Remark approval of the Center.

3.The test report shall be invalid when it is incomplete.

4.The test report is responsible to the client only for the submitted sample(s) .

5. The content of the items with the symbol "*' is supplied by the Client and Center is not
responsible to confirm it.

Approved by: Shansheng Liu

Reviewed by: Yunxuan Weng %

Compiled by: Yu Bai
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No. Ttem(s) Tested Unit Requirement Test Result | Conclusion
01 | Thickness ATTS { I)P
maximum thickness mm e 3.36 —f ‘
minimum thickness mm s 3.26 -
average thickness mm e 331 -—--
The main
02 | Material analysis — ——e- comp — -—--
of sample
was PCL
03 | Volatile solids content % >50 99.9 Passed
04 Maximum permissible heavy melal EN USA -
content
Arsenic mg/kg 5 20.5 0.214
Cadmium mg/kg 0.5 19.5 0.177
Copper mg/kg 50 750 <0.02
Lead mg/kg 50 150 1.62
Mercury mg/kg 0.5 8.5 <0.0003
Nickel mg/kg 25 210 TA7
Selenium mg/kg 0.75 50 0.380
Zinc mg/kg 150 1400 <0.02
Chromium mg/kg 50 - 0.704
Molybdenum mg/kg l - 0.628
Fluorine mg/kg 100 - 4.1
05 The degree of b_ic_)degradation when % =90 980 Passed
compared to the positive control
06 | Degree of disintegration % =90 100.0 Passed
07 | Ecotoxicity
rmination rate correspondi
leiues obtained witOh bla?nk C(l)nn%post % =90 Fasssd
Summer barley (compost/soil, 1:1) 97.0
Summer barley (compost/soil, 1:3) 100.7
Cabbage (compost/soil, 1:1) 99.6
Cabbage (compost/soil, 1:3) 98.0
Bi_omass rate corresponding values % ~90) Passed
with blank compost
Summer barley (compost/soil, 1:1) 102.3
Summer barley (compost/soil, 1:3) 95.7
Cabbage (compost/soil, 1:1) 96.9
Cabbage (compost/soil, 1:3) 106.4

Note: The detail of procedure of test item 01~~07 was described in section 1~7 at annex of this report respectively.
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Section 1 Thickness

1.1 Guideline
GB/T 6672-2001 Plastics -- Film and sheeling -- Determination ol thickness by mechaN FS@ (@P
ISO 4593:1993) b~
1.2 Thickness measurement

Condition for lesting was at (23:+2)Cfor at least 1h.

The specimens were cut in size of 10cmx10cm from sample sheet, then measured the thickness once of
each specimens. Its average thickness was calculated after measure.
1.3 Result

As the test result, the measured maximum thickness of sheet was 3.36mm, minimum thickness was 3.26mm,
the average thickness was 3.3 [l mm.,
Section 2 Components
2.1 Guideline

GB/T 6040-2002 General rules for infrared analysis
2.2 Measurement

Cut a little sample with scalpel and made test specimen by Diamond Anvil Cell (DAC), tested it by Fourier
Transform Infrared Spectrometer.
2.3 IR spectrophotometer

The IR spectrum of test specimen and PCL were shown on fig.2-1 and fig.2-2 respectively.
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Section 3 Volatile solids content of sample

3.1 Guideline

GB/T 9345.1-2008 Plastics - Determination of ash - Part 1: General methods (IDT ISO 3 FS P
3.2 Delermination of volatile solids content of sample (VS)

Dried a crucible for 3h at 105°C, then took it out and put in the desiccator to cool to room tempemlmc
weighed it (recorded as mp);

Add about 3~10g sample (less than 2/3 of crucible volume) in crucible, put it in the drying oven and dried it
for 3h at 105°C, took it out and put in the desiccator to cool to room temperature, weighed it (recorded as my);

Then moved it into the muffle furnace and incinerated it at 550°C for 3h, took it out and put in the
desiccator Lo cool to room temperature, weighed it (recorded as m);

Calculated the volatile solids content of sample as following,

m, —in,

VS (%) = x 100

n, — my,
Repeated the test one time.
Determination result shall be expressed by the average value.

3.3 Result and discussion
The volatile solids content of sample was 99.9%, which was more than 50% as required in EN 13432,

Section 4 Heavy Metals
4.1 Guideline

ASTM D 6400-12 Standard Specification for Labeling of Plastics Designed to be Aerobically Composted in
Municipal or Industrial Facilities

EN 13432:2000 Packaging-Requirements for packaging recoverable through composting and
biodegradation-Test scheme and evaluation criteria for the final acceptance of packaging
4.2 Determination of heavy metals of the sample

Heavy metals were tested by atomic absorption spectroscopy after disposing the sample by high pressure
microwave digestion.

To determine fluorine content, weighed about 0.5g sample, then pretreated by combustion and hydrolysis,
and determined fluorine content with IC.
4.3 Result

The test result of heavy metals were listed on table 4-1.
Table 4-1 list of test result of heavy metal

Item Unit Test Result EN13432 USA Canada
Arsenic mg/kg 0.214 5 20.5 19
Cadmium mg/kg 0.177 0.5 19.5 5
Copper mg/kg <<0.02 50 750 189
Lead mg/kg 1.62 50 150 125
Mercury mg/kg <20.0003 0.5 8.5 1
Nickel mg/kg 1.71 25 210 45
Selenium megrkg 0.380 0.75 50 4
Zinc mg/kg <<0.02 150 1400 463
Chromium mg/kg 0.704 50 - 265
Molybdenum mg/kg 0.628 1 - 5
Fluorine mg/kg 4.1 100 - -
Cobalt mg/kg 0.684 - - 38

4.4 Result and discussion
It can be seen from table 4-1 that the content of each heavy metal of lest sample was low than the

requirement in EN 13432,



Report No.: NTSQP[2020]C034 1 Page 9 of 37

Section 5 Biodegradation testing under controlled aerobic composting

5.1 Introduction Pa
1) Principle of test method N 1 1${,f )P
This testing delermines the ultimate biodegradability of test material under conditions “Simt aung-Aan

intensive aerobic composting process. The test material was mixed with the inoculum and introduced into a
simulated composting vessel where it was intensively composted under optimum oxygen, tempcrature and
moisture conditions for a test period not exceeding 6 months.
2) Guidelines

ISO 14855-1:2012 Determination of the ultimate acrobic biodegradability of plastic materials under
controlled composting conditions — Method by analysis of evolved carbon dioxide — Part1: General method

ISO 13878-1998 Soil quality - Determination of total nitrogen content by dry combustion ("elemental
analysis")

ISO 11465:1993 Soil quality - Determination of dry matter and water content on a mass basis -
Gravimetric method

ISO 10390:1994  Soil quality -- Determination of pH

ISO 10304-2:1995 Water quality -- Determination of dissolved anions by liquid chromatography of ions --
Part 2: Determination of bromide, chloride, nitrate, nitrite, orthophosphate and sulfate in waste water

GB/T 9345.1-2008 Plastics - Determination of ash - Part 1: General methods (IDT ISO 3451-1:1997)

GB/T 7481-1987 Walter quality -- Determination of ammonium -- Part 1: Manual spectrometric method
(eqv ISO 7150-1:1984)

5.2 Materials
1) Test material

@ Name: eSUN Biodegradable Polycaprolactone

@® Description: white resin
2) Reference material

® Name: cellulose

@ Description: while powder, 20pm
3) Inoculum

The compost was sampled from the composting factory in Beijing. The age of compost was 3 months (The

grade alter testing with Rottegrad method was V).

5.3 Biodegradation testing
1) Apparatus
Air flowmeter (precision, 1.5%)
Bio-test vessel (3L)
IFR detector (precision, +2%)
pH meter (precision, +0.05pH)
Moisture meter (precision, +1%RH)
Balance (precision, *0.lmg, measuring range 160g; precision, +0.1g, measuring range 610g)
Drying oven (precision, +2°C)
Element analyzer (precision, 0.1%)
Muffle furnace (precision, =10°C)
Temp-consistent bath (precision, +0.5C)
2)  Schematic of apparatus
The schematic of testing apparatus was shown fig.5-1.
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Fig. 5-1 Controlled composting apparatus schematic

3) Testing Methods

a. Determination of the total dry solids content (TDS) and volatile solids content (VS)

Dried a crucible for 3h at 105°C, then took it out and put in the desiccator to cool to room temperature,
weighed it (recorded as my);

Added about 3~10g sample (less than 2/3 of crucible volume) in crucible, weighed it(record as my);

Then put it in the drying oven and dried it for 3h at 105°C, took it out and put in the desiccator Lo cool to
room (emperature, weighed it (recorded as my);

Then moved it into the muffle furnace and incinerated it at 550°C for 3h, took it out and put in the
desiccator to cool to room temperature, weighed it (recorded as mg);

Calculated the total dry solids content of sample as following:

nm, —ny,

TDS (%) = x 100

m, —m,
calculated the volatile solids content of sample as following,

Vs @) ="2""5 100
n, —m,

Repeated the test one time.
Determination result shall be expressed by the average value.
b. Total Organic-carbon and nitrogen content
The total organic carbon(TOC) and nitrogen content were measured by elemental analyzer. Took about
2~5mg sample into the test cell of elemental analyzer and determined it under 1150°C with CHNO mode of
procedure.
c. Theoretical evolved carbon dioxide(ThCO,) of test sample
Calculated the theoretical evolved carbon dioxide: ThCO, = TOC x44/12. (1mol C= Imol CO;)
44, molar mass of COy;
12, molar mass of Carbon(C).
d. pH value
Determined the pH value of compost using following steps. Prepared a mixture of 1 part of compost with 5
parts of deionized water which means that 20g=0.1g compost was put into a 200ml beaker, added 100g+0.1g of
deionized water, shook it, measured pH immediately with pH meter.
e. Determination of carbon dioxide evolved
Turned on infrared analyzer to measure the evolved carbon dioxide of each vessel. Evolved carbon dioxide
was determined by IFR detector which sent the data to the computer and the computer recorded the data in a
database with the test program.

4)  Test procedure

a) Prepared three containers used as the blank test vessels. To each container was added 600g+0.1g (dry
weight) compost. Added water to the mixture to achieve humidity of about 50%.

b) Prepared three containers, used as reference material testing vessels. To each container was added
600g+0.1g (dry weight) of compost and 100g+0.1g (dry weight) of cellulose. Fully mixed the mixture and add
water to the mixture to achieve humidity of about 50%.

¢) Prepared three containers, used as lest materials vessels. To each container was added 600g+0.1g (dry
weight) of compost and 100g+0.1g (dry weight) samples. Fully mixed the mixture, added water to it to achieve
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humidity of about 50%.

d) Sealed the vessels and put them in a water bath with conslant temperature 58°C+2C ZTS ‘(’i;‘c?
container with compressed 200ml/min+3ml/min air flow. N ‘l '

e) Ran the computer program of "biodegradation testing control system”. Turned on infrared amalyzer10
measure the evolved carbon dioxide of each vessel.

f) Measured the oxygen concentration in the exhaust air in twice daily.

g) Shake the composting vessels weekly to prevent extensive channeling and to ensure uniform attack of the
microorganisms on the test material. Tt was helpful in ensuring an even distribution of moisture.

i) Calculated the volume of carbon dioxide released from the every reactor vessel each day.

i) Calculated the evolved carbon dioxide of vessels of test materials and reference materials after sublracting
that of vessel of blank testing. From the cumulative amounts of carbon dioxide released, calculated the
percentage biodegradation Dy(%) of the test material or reference material for each measurement interval using
following equation:

D= (COZ)T “(COQ)B X

A 100
ThCO,

Where,

(CO,); was the cumulative amount of carbon dioxide evolved in cach composting vessel containing test
material, in grams per vessel;

(CO,)s was the mean cumulative amount of carbon dioxide evolved in the blank vessels, in grams per
vessel;

ThCO, was the theoretical amount of carbon dioxide which can be produced by the test material, in grams
per vessel.

k) Period of the test

Incubated the composting vessels for a period not exceeding 6 months at a constant temperature of 58°C+2°C
which was representative of full-scale composting.

5.4 Result and discussion
1) The basic properties of test sample and reference material
The granule of sample was used as test sample and the powder of cellulose was used as reference materials
respectively in this testing. The TOC, total dry solids and volatile solids of the test sample and reference
materials were tested and ThCO, was calculated with TOC. The results were listed on table 5-1.
Table 5-1 basic properties of samples

T Dry solids Moisture T(zaC”:)f]gry ThCO,

P (%) (%) (%p) (CO,g/100g dry sample)
Test sample 99.45 0.55 57.78 211.86
Reference material 99.76 0.24 44.51 163.20

It can be seen from table 5-1, that the dry solids of test sample was 99.45% and the TOC of dry sample was
57.78% which mean that 50g total dry solids of sample contained 28.89g TOC. As required in ISO 14855-1, a
minimum of 50g of total dry solids of test material should contain 20g of TOC. It was said that the test sample
had sufficient organic carbon to yield carbon dioxide in an amount suitable for the determination.

2) Basic property of inoculum
Used the compost sampled from compost factory and determined the TDS, VS of inoculum. The result was

listed on table 5-2.
Table 5-2 basic property of inoculums

] o N . . ratio of carbon and
dry solids(TDS), % moisture, % volatile solids(VS),% nitrogen(CD
74.8 25.2 25.8 19.9

Tt can be seen from the table 5-2, that the volatile solids of inoculum was 25.8% of the dry solids. The dry
solids content of inoculum was 74.8%. Adjust the TDS to 50%~—~55% by added water before the compost was
used.
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3) Actual material added into vessel
The actual malerial added (o each vessel of testing group was listed on table 5-3.
Table 5-3 actual material added to each vessel of cach testing group

Inoculums Testing sample or reference
malerial Ratio of carbon Lo
Vessel nitrogen(C/N)
wet weight(g) | dry weight(g) | wet weight (g) | dry weight(g) =
Sample vessel 802.5 600.0 100.6 100.0 253
Blank vessel 802.5 600.0 S — 19.9
Reference malerial vessel 802.5 600.0 100.2 100.0 23.3

Note: the value of C/N of each vessel was calculated based on the drying weight of inoculum, test sample and reference
material respectively.

4) pH changing
Determined the pH value of inoculum using following steps. Prepare a mixture of | part of inoculum with 5
parts of deionized water which means that 20g+0.1g compost was put into a 200ml beaker, add 100g=+0.1g of
deionized water, shake it, measure pH immediately with pH meter.
The results of pH value of inoculum of each test vessel at different period were listed on table 5-4.
Table 5-4  pH value of each vessel

Blank container Reference container Sample container

R 1# 2% 3# 1# 24 3# 1# 24 3#

0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0 7.0

T 7.0 7.1 7.1 7.1 7.1 7.2 7.1 7.0 7.1
14 7 T2 7.2 72 7.1 7.2 7.0 7.1 7.2
21 7.1 7.2 7.3 73 7.2 7.3 72 7.2 7.2
28 7.2 7.3 13 7.4 2 7.4 7.1 7.2 73
35 73 7.4 7.4 7.4 7.4 ! 72 7.3 7.2
42 7.4 74 7.4 75 7.5 el 73 73 7.3
49 7.4 7.5 1.5 1.6 7.6 7.6 73 7.4 75
56 1.5 1.5 7.6 7.6 1.7 Ll 74 7.4 7.6
63 7.6 7.6 7.8 1.7 7.8 1.6 75 7.6 1.5
70 7.6 17 739 1.8 7.8 7.8 74 7.7 7.6
77 1.7 7.7 i 7.8 7.8 79 7.6 7.9 7.6
84 7.8 7.8 8.0 7.9 7.7 8.0 7.8 79 #d
91 7.8 79 8.2 7.9 7.8 8.1 7.7 8.0 7.8
98 7.9 8.0 8.1 8.0 T 8.2 780 8.0 7.8
105 79 8.1 8.2 8.1 8.0 8.2 7.9 8.1 79
112 8.0 8.1 8.3 8.2 8.2 8.3 8.0 8.0 79
119 8.1 8.2 8.4 8.3 8.2 8.4 8.0 8.2 8.1
126 8.1 8.3 8.5 8.3 8.3 8.3 82 8.2 8.0
133 8.2 8.4 8.6 8.2 8.2 8.4 8.3 8.3 8.1
140 82 8.5 8.7 8.3 8.3 8.4 8.4 8.5 8.2
147 83 8.5 8.6 8.4 83 8.5 8.4 8.4 8.3
154 8.4 8.0 8.7 8.4 8.2 8.6 8.6 8.5 8.5
161 8.4 8.6 8.7 8.5 8.3 8.0 8.6 8.0 8.4
168 8.5 8.7 8.6 8.5 8.4 8.7 8.7 8.5 8.5
175 8.4 8.6 8.7 8.6 8.4 8.7 8.7 8.6 8.6
180 8.5 8.7 8.6 8.5 8.5 8.6 8.7 8.7 8.0
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It can be seen from table 5-4, the pH value of each vessel was 7.0 at the beginning of test. The pH value of
each vessel was increased with the tesling going on and the highest value was 8.7 until the te pished-A
of pH value of each vessel was lower than 9.0 which was corresponded with the rcquiremenN;dag (t" ,:“,;P

The result of visual observation of the inoculums was described as following: b <"

At beginning of test: the sample was while granules, which was pulverized into powder and scraps.

Determined TDS and VS of sample scraps and compost respectively. Later check the results with standard
requirements (VS>50% in dry solid as sample, VS<30% in dry solid as compost). Accurately weighed out 600g
of inoculum in dry weight, and 100g of sample in dry solids. Added waler to adjust the moisture of mixture to
about 50%, then fully mixed it again.

At 1™ week: the color of compost was brown and sample scraps were white. They were distinguished
clearly. The odor of mixture was not olid at this time. Mildew or fungus were not found easily. The structure
was loose, no block and clump.

AL 2™ week: the amount of sample scraps decreased obviously. Most of the scraps turned black or the same
color with compost, They were distinguished not easily. Other scraps turned bronze. There were white and
green mildew spots appeared around the scraps. the odor of compost was olid clearly.

At 3" week: the amount of mildew spots increased than last week. Most of them were while and green,
others were yellowy. Mildew spots could be seen on the surface or inner the compost. Sample scraps were
found not easily at this time. The fine sample scraps were dark brown which could be found after careful search.

At 4"™ week: sample scraps were found difficult in the mixture. The compost mixture was evenly deep puce,
no block and clump. The odor of mixture was olid clearly and could be smelt immediately when lid opened.
There was no significant change in the number and morphology of mildew spolts.

At 5™ week: the odor of mixture decreased sharply, no such olid smell than last week. It was mature and
sour smell. The amount of mildew spots decreased. Some of the spots deepened to puce. The structure of
compost mixture was loose, no block and clump.

At 6" week: sample scraps almost disappeared in compost, and could not be found after careful search.
The amount of mildew spots decreased. Most of them were yellow, green and tan. The odor of mixture was still
slight olid and sour smell.

At 7" week: the amount of mildew and fungus decreased continuously. Most of them were dark gray and
puce. The smell of mixture was slight olid and sour. The color of compost mixture was dark black. The structure
was loose, no block and clump.

After 8" to 10" week: the appearance of compost mixture was not changed obviously, as the characteristics
of sense was not changed clearly. The odor was light mature, no olid and sour smell. The color was dark black.
No mildew or tungus could be seen.

11" week to the ending: the stability of appearance and sensory characteristics of compost mixture
continued, no significant change. No visible mildew or fungus at this time. The odor was not olid, but light
moldy and moist yet.

5) The result of carbon dioxide evolved and percentage biodegradation

The results of carbon dioxide evolved of each vessel, it’s average, and the average evolved carbon dioxide
subtracting that of blank, and degree of biodegradation were listed in table 5-5. Plot the average of cumulative
amount of carbon dioxide evolved for three composting vessels containing blank, test material and reference
material as a function of time, see fig.5-2. Plot a biodegradation curve (percentage biodegradation as a function
of time) for the test material and the reference, see fig.5-3.

Table 5-5 the evolved of CO, and degree of biodegradation

: Reference material container Sample container Asicenge evolyed . Degree 0#
D Blank container (cellulose) (2019E0622) CO, subtracting | biodegradation
ay that of blank, g (D), %

o [o000]000|000]| 000 |o000]|000]o000]| 000 |000]000]000]| 000 | 000 |000]| 000 |0.00
1 (270|308 (256 | 278 |328]|341|339| 336 |3:06|372]300| 326 | 058 | 048 036 | 023
2 | 437 473|398 | 436 |633|683|739]| 685 |597 675|663 | 645 | 249 | 2.09 1.53 | 0.99
3 | 600|644 | 601 | 615 1070|1040 | 11.12| 1074 | 926 | 9.63 [10.75 | 9.88 | 4.59 | 3.73 2.81 1.76
4 | 850|804 ]695| 7.8 |13.94|1420]15.60| 1458 |12.04|12.26|14.97 | 13.09 | 672 | 523 | 412 | 247
5 | 991|901 814 9.02 1854 17.69 | 18.91 | 1838 | 1573 |15.60| 1886 | 16.73 | 9.36 7.71 574 3.64

14 2 3# | average 1# 24 34 |average| 1# 24 3# |average|Cellulose|sample| Cellulose |sample
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B St Reference material container Sample conlainer "(\j‘g"’.iglﬁ)cflzl.ved ; Dugr_ee 0f"
Day (eellulose) (2019E0622) ma{orb% 514
13 phii 3# | average 1# 24 3# |average| I# i 3# |average|Celluloséls

6 |1085(1080] 1138 11.01 |22.15[21.25]23.23| 22.21 |19.51 [ 1853|2181 ] 1995 | 11.20 | 8.94

7 1369|1176 1283 1276 |[2533]23.90(2529| 24.84 |20.61 |20.61|25.65| 22.29 | 12.08 | 9.53

g |1456]1359|13.64| 1393 |28.54|28.95(33.17| 30.22 |24.11 [ 24.89129.36 | 26.12 | 1629 | 12.19| 998 | 575
9 |1680l147711367] 1508 |[32.8733.60|3844| 34.97 [27.84|2836(33.89(30.03 | 19.89 | 1495| 1219 | 7.06
10 |18.06|15.64|1466| 1612 |36.68[38.00[43.58| 39.42 |31.63 |31.54|37.54| 33.57 | 23.30 | 1745| 1428 824
11 |1920]1669 1607 1732 |40.38|42.40 [49.40| 44.06 |33.86|3542|40.76| 36.68 | 26.74 | 19.36 | 1638 | 9.14
12 2083|1786 17.62| 1877 |45.46|47.03|53.46| 48.65 |37.58 |38.84 |44.33| 4025 | 29.88 | 2148 | 1831 |10.14
13 221319071891 | 2007 [49.17|51.38(59.14 | 53.23 |40.94|43.0947.19| 43.74 | 33.16 | 23.67 | 2032 | 1117
14 [2420]2078 (2033 2177 |55.15|56.02|62.32| 57.83 |43.61 [46.21 [50.97 | 46.93 | 3606 |25.16 | 22.10 |11.88
15 250421992182 2325 |59.37|60.32|67.54| 62.41 |46.52|49.94|53.99| 50.15 | 39.16 | 26.90 | 24.00 |12.70
16 273423432351 2476 |6552(64.93|70.61| 67.02 [49.51|53.07|58.82| 53.80 | 4226 | 29.04 | 2589 |13.71
17 1288712454 2456 2599 |71.46|69.46|73.88| 71.60 |51.99|56.10|62.88 | 56.99 | 45.61 |31.00| 2795 |14.63
18 |2978|2533|25.14| 2675 |77.20|74.65|7828| 7674 | 54.74|59.37 | 66.58 | 60.23 | 49.99 | 3348 | 30.63 |15.80
19 13096|2652126.40| 2796 |83.22(77.35|78.56| 79.71 |59.53|64.93 69.91 | 64.79 | 51.75 | 36.83 31.71 17.38
20 3166127202724 2870 |87.85]|81.30|83.15| 84.10 |62.21 [ 68.11 | 74.31 68.21 | 55.40 | 39.51 33.95 18.65
21 1325012791 |28.18| 2956 |93.42|85.51|85.52| 88.15 |65.52 73.24 | 7871 | 72.49 | 58.59 |42.93 3590 |20.26
2 336328782894 | 3045 |97.74|89.45|89.47| 92.22 |69.55|76.48|83.02| 7635 | 61.77 |45.90 | 37.85 |21.67
23 [34.67[20.62(2091| 3140 [101.70{93.24 |93.84 | 96.26 | 72.65 | 80.34 | 87.55 [ 80.18 | 64.86 | 4878 | 39.74 [23.02
24 1356013023130681 32.17 |104.76|97.46 | 98.62 | 100.28 | 76.30 84.01192.47 | 84.26 | 68.11 [ 52.09 41,73 [24.59
25 3634 ]3087(31.73| 3298 |108.19(101.69(103.17| 104.35 | 79.97 | 86.85 | 96.49 | 87.77 | 7137 [ 5479 | 4373 |25.86
26 374931833256 3396 |111.80]105.37(108.03| 108.40 | 83.44 [ 90.07 [99.88 | 91.13 | 74.44 | 57.17 | 4561 [26.98
27 1383503279 (33.53| 3489 [115.72[110.00(114.15| 11332 | 86.43 | 9446 [103.21| 94.70 | 7843 | 59.81 | 48.06 |28.23
28 |39.67033.87|34.43] 3599 [120.98(114.23|118.58| 117.93 | 89.90| 97.67 [106.91| 98.16 | 81.94 | 62.17 | 50.21 |29.34
29 140703467 (3539] 3692 |124.70[119.41]125.07| 123.06 | 91.87 |100.69|109.54 100.70 | B86.14 | 63.78 | 52.78 |30.10
30 |41.42(35.22]3598| 3754 |128.10[123.75|131.64| 127.83 | 9542 |105.07|114.63| 105.04| 9029 | 67.50 | 55.32 |31.86
31 142.00|35.80[36.74| 3818 |136.49]131.72|141.56| 136.59 [100.31]109.62|120.91| [10.28 | 9841 | 72.10 | 60.30 |34.03
32 |42.80]36.55|37.86| 39.07 |140.18[135.07|145.71| 14032 [102.70|112.10(123.72| 112.84| 101.25 | 73.77 | 62.04 |34.82
33 43.60]37.19|3846| 3975 |144.77|139.57(148.47| 144.27 |105.61|115.21{128.56| 116.46 | 104.52 | 76.71 | 64.04 |36.21
34 |44.62]37.95(39.17| 4058 |146.88|141.48[153.00] 147.15 |109.20{119.31|132.39{ 12030 | 106.57 | 79.72 | 6530 |37.63
35 |45.53(38.67(39.73] 4131 [150.23[143.55|154.45| 149.41 |112.07|123.40|135.42{ 123.63 | 108.10 | 82.32 | 66.24 |38.86
36 |46.11139.23 [4024| 4186 [153.41(145.77[156.01| 151.73 |116.28|126.40|138.95] 127.21 | 109.87 | 8535 | 67.32 |40.29
17 46.61139.68 14088 | 4239 1155.12/147.77|158.15| 153.68 |119.91]131.05 144.62| 131.86( 111.29 | 89.47 68.19 |42.23
38 [47.18|40.11 [4138| 42.80 [158.95]151.13]161.82| 157.30 [123.40(134.76|147.83| 135.33 [ 114.41 | 9244 { 70.10 (43.63
39 47.67]4056 4206 4343 |160.63|152.64]163.28| 158.85 [127.75(138.86|150.57| 139.06 | 11542 | 95.63 [ 7072 [45.14
40 |4831141.00 (4254 4398 |163.01]1156.02]168.80| 162.61 [131.63|142.14{152.44 142.07] 118.63 | 98.09 | 72.69 |46.30
41 4876141474312 4445 |166.13/159.05[171.86 165.68 |134.29|145.03{157.36 145.56| 121.23 |101.11| 7428 [47.72
42 |49.15|41.86|43.63| 4488 |169.49|163.27176.70| 169.82 |137.31{147.55|161.30{ 148.72| 124.94 1103.84| 76.56 |49.01
43 14968 4245|4425 | 4546 [173.14/165.45(177.92| 172.17 [140.66|150.19|164.13 151.66| 126.71 [106.20| 77.64 |50.13
44 1502342874472 4594 [174.84(166.55/178.33| 173.24 [144.97(153.80(168.39| 155.72| 127.30 | 109.78| 78.00 |51.82
45 150794320 4524 4644 |177.59]167.83(178.59| 174.67 [148.53(157.69|170.51| 158.91 | 12823 |112.47| 78.57 |53.09
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- Reference material container Sample container Average le.ved . U Ul.
Blank container ) CO, subtgac egrad 1
Da (cellulose) (2019F0622) 73
Y that of .5 O
14 2# 3# | average 1# 24 3# [average| 1# 24 3# |average Cellulosd] st Soflifost I mple

46 |5157 4395 |4590| 4714 [178.59]168.73]179.36] 175.56 [151.61[161.95(174.48] 162.68 | 128.42 [115.54| 7869 |54.54

47 |51.89 (4427 4628 | 4748 [179.13]169.40/180.07| 176.20 |155.02(163.96|178.78| 165.92| 128.72 | 118.44| 78.87 |55.90

48 |52.42 | 44.69 |46.68| 4793 |181.48/170.65180.46| 177,53 |159.60|165.01(180.59| 168.40 | 129.60 |120.47 79.41 |[56.86

49 |52.94|45.15|47.05| 4838 |183.84]173.31]183.06| 180.07 |163.31{168.24{186.52( 172.69 | 131.69 [124.31| 80.69 58.08

50 |53.64 4568|4756 4896 |185.64{175.11]184.68] 181.81 [167.28|171.33|189.75{176.12| 132.85 |127.16 81.40 |[60.02

51 154.19 | 46.11 |48.17| 4949 |188.87177.94[187.05| 184.62 |170.50{174.89|193.38( 179.59| 135.13 |130.10] 82.80 61.41

52 |54.74 | 46.60 |48.81| 50.05 [190.24]178.83|187.76| 185.61 |173.85|176.75{195.31| 181.97 | 135.56 |131.92| 83.06 |62.27

53 |55.67]4739 4940 5082 [190.95180.42|190.50| 187.29 [177.24(178.91|196.84| 184.33 | 136.47 [133.51| 83.62 |63.02

54 563614704 (4906 | 5142 [192.76182.27|192.45| 189,16 [180.37(182.27|198.99| 187.21 | 137.74 |135.79( 84.40 |064.09

55 567714837 [5044| 5186 [194.94]183.76/193.46| 190,72 [182.15(183.52|201.39| 189.02| 138.86 |137.16( 85.09 |064.74

56 1573414885 (5101 5240 |196.46[185.32|195.39| 192,39 [185.18(185.24|202.46) 190.96 | 139.99 |138.56| 85.78 65.40

57 |58.17|49.56|51.96| 5323 |197.81]186.50{196.73| 193.68 |191.73|186.31(203.93( 193.99 | 140.45 |140.76| 86.06 |66.44

58 159.03(50.19|52.66| 53.96 [198.71(187.46[197.78| 194.65 [193.32|187.87|204.65{ 195.28 | 140.69 |141.32| 86.21 |66.70

50 |59.81150.79(53.53| 5471 [200.39/189.10{199.17| 196.22 [195.08[190.94/206.90| 197.64 | 141.51 |142.93| 86.71 |67.46

60 160.93|518115472] 5582 [|201.27189.84[200.04] 197.05 [196.54|193.00{209.17| 199.57 | 141.23 |143.75 86.54 |67.85

61 |61.81152.54 15566 56.67 [202.15[190.69[201.07| 197.97 |198.58|194.73]210.56| 201.29 141.30 [144.62| 86.58 |68.26

62 |62.69(53.24|56.48| 5747 [203.75[192.23|202.52| 199.50 [200.36|196.24/212.82| 203.14 | 142.03 | 145.67| 87.03 |68.76

63 1633715301 57.101| 5813 [|204.900193.471203.73| 200,70 [202.61(198.50|214.67| 205.26 | 142.57 |147.13 8736 |69.45

64 |64.26(54.71(58.00| 58.99 [205.97/194.37|204.76| 201.70 [204.611200.66/215.97(207.08 | 142.71 |148.09| 8744 ]69.90

65 16534 15545]5885| 59.88 [206.34]194.771205.16] 202,00 [206.47|202.81{217.27| 208.85 | 142.21 |148.97( 87.14 |70.32

66 16599 (55.96(59.28| 6041 |206.95[195.34{205.87| 202.72 |208.23|205.08|218.70| 210.67 | 14231 |150.26( 87.20 |70.92

67 |66.41156.38159.82] 6087 1207.39195.79206.27| 203.15 [209.85]206.39|220.12(212.12| 142.28 [151.25 87.18 |71.39

68 6679 156.65 6016 6120 |208.40[196.82(207.23| 204,15 [211.56(208.60|221.51| 213.89 | 142.95 |152.69| 87.59 |72.07

69 |67.15(56.93|60.51| 61.53 [208.70{197.15/207.62| 204.49 [212.92(210.15|222.32|215.13 | 142.96 |153.60| 87.60 |72.50

70 |67.45]57.17|60.69| 61.77 |209.40(197.80[208.31| 205.17 |214.10|211.46{223.97| 216.51 | 143.40 |154.74| 87.87 |73.04

71 |67.80(57.45|61.08| 62.11 [210.14]198.50[209.03| 205.89 [215.16[212.68|225.05|217.63 | 143.78 |155.52| 88.10 |73.41

72 167.95157.60|61.23| 6226 [210.80[199.14[209.65| 206.53 |216.88|214.46(226.38 219.24 14427 1156.98| 88.40 |74.10

73 |68.52158.03|61.67| 6274 |211.38]199.69[210.23| 207.10 |218.76{216.20|227.71| 220.89 144.36 |158.15| 88.46 [74.65

74 |l6883l5827161.00| 6300 [211.950200.211210.88) 207.68 [220.63|218.00{229.41]222.68 | 144.68 |159.68 88.65 |75.37

75 |69.10|5848 62,11 6323 |212.250200.48[211.21| 207.08 [222.32|219.74|231.20( 224.42 | 144.75 |161.19| 88.69 76.08

76 169.14|58.52 |62.15| 6327 |212.66[200.91[211.72| 208.43 |224.56|221.92(234.49/ 226.99 | 145.16 |163.72 8895 |77.28

77 (6930 (58.66|6230| 6342 [212.95[201.20[212.07| 208.74 [226.30(223.77|235.49(228.52 | 145.32 |165.10( 89.04 (77.93

78 169.56 [58.9062.52| 6366 [213.33]201.58[212.51| 209.14 [228.41|226.29|237.13| 230.61 | 14548 |166.95| 89.14 |78.80

79 169.63 5898 |62.61| 63.74 [214.23]202.54/213.41| 210.06 [230.43|228.65(239.14]| 232.74 | 14632 |169.00| 89.66 |79.77

20 6992159236282 63.99 |214.74/203.04[214.02] 210.60 [231.65|229.72|240.51{233.96 | 146.61 |169.97| 89.83 |[80.23

a1 700415932 6297 6411 |214.95/203.25/214.26| 210.82 |232.60{230.52|241.52| 234.88 | 146.71 [170.77| 89.90 |80.61

a2 701715944 |63.11| 6424 [215.43203.71|214.73| 211.29 |234.02(231.68(242.78]| 236.16 | 147.05 |171.92 90.10 |8L.15

83 170365961 |6335| 6444 [216.24[204.44|215.47| 212.05 [235.17|232.80(244.29| 237.42| 147.61 [172.98| 9045 |81.65

84 |7043159.67 6343 6451 [216.690204.85[215.99] 212.51 [236.40|233.98]245.78| 238.72 | 143.00 |174.21 90.69 [82.23

25 (7049|5974 6351 6458 |217.22[205.34]216.59] 213.05 [237.65]235.21|246.60( 239.82 | 148.47 17524 90.97 |82.72
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Blank container

Reference material container

Sample container

Average evolved

Day (cellulose) (2019E0622) ?l?u ;?IW
1# 24 3# | average 14 24 3# |average| I# 24 3# |average Cellulosd|s? I ¢
86 7055 (59.79 [63.55| 64.63 |217.63205.74|217.01| 213.46 [238.88(236.33(247.43| 240.88 | 148.83 (17625 91.19 |83.19
87 |70.60]59.83 [63.61| 64.68 [217.75[205.86[217.13| 213.58 [239.83|237.34]248.62| 241.93 | 148.90 |177.25| 91.24 |83.66
28 17067 15987 [63.68| 6474 |217.990206.11[217.30] 21383 [241.89(238.92|250.77( 243.86 | 149.09 |179.12| 91.35 |84.55
29 (707215991 [63.74| 6479 [218.17]206.20|217.57| 214.01 |244.25(240.83(252.95| 246.01 | 149.22 |181.22| 9143 |85.54
90 7074|5993 6376 | 6481 [218.31)206.42[217.75| 214.16 |245.66(242.06{254.84| 247.52 | 149.35 [182.71| 9151 [86.24
91 (707659956378 64.83 [218.50[206.50217.96| 214.35 |247.47(244.49[256.78| 249.58 | 149.52 |184.75| 91.62 |[87.20
92 7079159976382 6486 |218.78|206.85218.26| 214.63 [249.50|246.43|259.38| 251,77 | 149.77 [186.91| 91.77 |88.22
03 7082 60,00 63.88] 6490 |219.05)207.13218.61| 214,93 [250.60{247.34]260.88| 252.94 | 150.03 |188.04| 91.93 [88.76
o1 7087 [60.05 6393 6495 |219.21507.28]218.78] 215.00 [252.03|248.96[261.88[ 254.29 | 150.14 [189.34| 92.00 |89.37
95 |70.90|60.08|63.96| 6498 [219.550207.63]219.17| 215.45 [253.22|249.99]262.90| 255.37 | 150.47 |190.39| 9220 (89.87
96 17091 160.09 1 64.00] 6500 [219.957208.03[219.57] 215.85 [254.11[250.71]264.02[ 256.28 | 150.85 [191.28] 9243 |90.29
97 17095(60.12|64.05| 6504 [220.311208.30[219.93| 216.21 [254.75(251.27|264.56( 256.86 | 151.17 |191.82| 92.63 [90.54
08 |70.98 |60.14 [64.09| 6507 [220.52208.60[220.14 216.42 |255.52(252.26[265.20| 257.66 | 151.35 (19259 92.74 |90.90
99 [71.02]60.17|64.14| 65.11 [220.76/208.81[220.38| 216.65 |257.23|254.09[266.49| 259.27| 151.54 | 194.16| 92.86 |91.65
100 [71.04|60.19|64.19| 65.14 [220.82|208.86220.45| 216.71 [258.04|255.03|1267.53|260.20 | 151.57 [195.06| 92.87 |92.07
101 [71.07 6021 |64.23| 65.17 [220.93]208.97[220.62| 216.84 [258.98|255.81|268.60| 261.13 | 151.67 [195.96] 92.94 |92.50
102 1711016023 6427 6520 |221.18/209.21(220.94] 217.11 [259.77|256.80|269.22( 261.93 | 151.91 |196.73| 93.08 |92.86
103 |71.14 | 6026 |64.32 | 6524 [221.33[209.35221.13| 217.27 [260.44(257.51|270.00| 262.65 | 152.03 [197.41| 93.16 |93.18
104 [71.17] 6028 |64.36 | 6527 [221.47[200.50221.29] 217.42 [261.02(258.19]270.60 263.27 | 152.15 [198.00| 93.23 9346
105 |71.19 | 6031 |64.40| 6530 [221.56/200.50[221.38| 217.51 [261.10]258.26/270.69| 263.35 | 152.21 |198.05| 93.27 |93.48
106 | 7123|6034 |64.45 | 6534 [221.65[209.68[221.47| 217.60 |261.55|258.74]271.02| 263.77 | 152.26 |198.43| 93.30 | 93.66
107 | 7126|6037 | 64.48 | 6537 |221.76/209.79[221.58| 217.71 |261.69|258.911271.19] 263.93 | 152.34 | 198.56| 93.35 |93.72
108 | 7129|6040 [64.54 | 6541 [221.89[209.92[221.74] 217.85 [261.93|259.15|271.40| 264.16 | 152.44 |198.75| 93.41 |93.81
109 | 7132|6042 | 6458 | 6544 [221.97(209.99[221.83] 217.93 [262.12]259.36|271.57| 264.35| 152.49 |198.91| 9344 |93.89
110 |71.36 | 6045 |64.63| 6548 [222.20(210.21[222.13| 218.18 [262.42|259.61271.92{ 264.65 | 152.70 | 199.17| 93.57 |94.01
11 |7139 6047|6467 6551 |222.41]210.41[222.38] 218.40 [262.60|259.82(272.04| 264.82 | 152.89 |199.31] 93.68 | 94.08
112 [7142 6049 [64.71| 6554 |222.56210.56]222.53| 218.55 [262.79|260.02(272.19| 265.00 | 153.01 199.46( 93.76 | 94.15
113 |71.46 | 6052|6476 | 6558 [222.70[210.67[222.67| 218.68 [262.94(260.19|272.32{ 265.15 | 153.10 | 199.57| 93.81 |94.20
114 | 71.49 |60.54 |64.80| 6561 [222.78210.74|222.76 218.76 |263.03|260.28(272.38] 265.23 | 153.15 (199.62| 93.84 |94.22
115 | 7151|6057 |64.84| 6564 [222.92]210.88]222.90] 218.90 |263.08|260.34(272.45| 265.29 | 153.26 |199.65| 93.91 |94.24
116 17154 6050 [ 6488 | 6567 |223.07]211.02223.06| 219.05 [263.12260.38(272.49| 265.33 | 153.38 |199.66| 93.98 |94.24
17 | 7158 |60.62 [64.93| 6571 [223.26[211.20223.32] 219.26 [263.15|260.41|272.52| 265.36 | 153.55 |199.65| 94.09 |94.24
18 17160 | 60.65 | 64.97| 6574 |223.58(211.51[223.68] 219.59 [263.20{260.45|272.58(265.41 | 153.85 |199.67| 94.27 |94.25
119 (716316067 65.01| 6577 |223.78]211.70223.92] 219.80 [263.25[260.50|272.66| 265.47 | 154.03 |199.70| 94.38 |94.26
120 17166 16070 | 65.07| 6581 |224.01|211.94{224.17| 220.04 [263.32|260.56|272.74| 265.54 | 154.23 |199.73| 94.50 |94.27
121 17168 6072|6512 6584 |224.20[212.14{224.38| 220.24 [263.33|260.58|272.80| 265.57 | 154.40 |199.73) 94.61 |94.27
122 71706074 [65.17] 6587 |224.36]212.30[224.57| 220.41 [263.40]260.64(272.88| 265.64 | 154.54 [199.77| 94.69 |94.29
123 171736076 | 65.21 | 65.90 |224.54{212.49224.77| 220.60 [263.46|260.70|272.97| 265.71 | 154.70 |199.81| 9479 |94.31
124 [ 717716079 | 6526 | 6594 |224.720212.64|224.95| 220.77 [263.54[260.77(273.03| 265.78 | 154.83 |199.84| 94.87 |94.33
125 | 71.81 | 60826531 | 6598 |225.03[212.94]025.24] 221.07 [263.64|260.87|273.10/ 265.87 | 155.09 [199.89| 9503 |94.35
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Reference malerial container

Sample container

Average evolved

Day Blank enaiuee (cellulose) (2019E0622) (fhcit zlt‘tf (° '! ;
1# 24 3 average 1# 24 3# |average| 1# 24 3# |average Cellulosé]sdn

126 | 71.83|60.84 [ 6536 | 66.01 [225.18[213.00[225.45| 221.24 |263.70|260.92|273.20| 265.94 | 155.23 |199.93| 95.12° | 94.37
127 | 71.86 | 60.87 6542 | 66.05 [225.35[213.24[225.64 221.41 [263.74|260.96|273.24| 265.98 | 155.36 |199.93 9520 |94.37
128 | 7189|6090 |65.45| 66.08 [225.61[213.50225.90| 221.67 |263.77|261.00|1273.29| 266.02 | 155.59 |199.94| 9534 |94.37
120 710216002 6549 66.11  |225.89213.76226.23| 221.06 [263.81(261.04|273.36| 266.07 | 155.85 | 199.96 95.50 | 94.38
130 | 71.95 | 60.94 | 65.53| 66.14 [226.04[213.89|226.37| 222.10 [263.86/261.10(273.43| 266.13 | 155.96 |199.99| 95.56 | 94.40
131 171.99 6097 (6558 | 66.18 |226.28[214.11[226.63| 222.34 |263.90|261.16|273.48| 266.18 | 156.16 1200.00 95.69 | 94.40
132 |72.02 6099 |65.62| 6621 |226.43214.28|226.82| 222.51 [263.95|261.21{273.56 266.24 | 156.30 |200.03| 95.77 | 94.42
133 | 72,05 |61.01 |65.66| 6624 |226.60[214.43226.98| 222.67 [264.03|261.27|273.63| 266.31 | 156.43 |200.07| 95.85 |94.44
134 | 72.00 | 61.04 6571 6628 |226.86214.69[227.33] 222.96 |264.07|261.32{273.69( 266.36 | 156.68 |200.08 96.00 | 94.44
135 |72.11 6107|6575 | 6631 [226.99214.82]227.46| 223.00 [264.15|261.41[273.79| 266.45 | 156.78 |200.14| 96.07 |94.47
136 |72.14 | 61.00 [ 6579 | 6634 [227.17[214.99]227.65| 223.27 [264.18|261.44(273.85| 266.49 | 156.93 [200.15| 96.16 | 94.47
137 | 7217 61.12 6582 6637 [227.30[215.12[227.81| 223.41 |264.21|261.47|273.91| 266.53 | 157.04 |200.16] 9623 | 94.48
138 17223 6117|6586 | 6642 [227.45215.29(228.00 223.58 |264.24(261.51]273.96| 266.57 157.16 [200.15| 96.30 |94.47
139 |72.26 | 6120 | 6589 | 6645 [227.57|215.39[228.11| 223.60 [264.28|261.55|274.00| 266.61 | 157.24 1200.16| 96.35 | 9448
140 | 7229 (6122|6593 | 6648 |227.68|215.49[228.26| 223.81 |264.30|261.58|274.04| 266.64 | 157.33 |200.16| 96.40 | 94.48
141 | 723306125 6598 | 6652 [227.75215.56]228.36] 223.89 |264.35|261.64|274.11| 266.70 | 157.37 |200.18| 9643 | 94.49
142 | 72356127 66.03| 6655 [227.81[215.62[228.42] 223.95 |264.40|261.69|274.16| 266.75 | 157.40 |200.20| 9645 | 94.50
143 [72.38 6120 [66.07| 6658 [227.92|215.74]228.55| 224.07 |264.46|261.75|274.25| 266.82 | 157.49 |200.24| 9650 | 94.52
144 | 7241 6131|6611 6661 [227.99215.80[228.63| 224.14 |264.55|1261.81274.34| 266.90 | 157.53 |200.29| 96.53 |94.54
145 | 7245 6134 | 66.16 | 6665 [228.03[215.86228.71| 224.20 [264.59|261.85|274.38| 266.94 | 157.55 |200.29| 96.54 | 94.54
146 | 72.48 | 6136 |66.20| 6668 |[228.09]215.92[228.80| 224.27 [264.63(261.89|274.45266.99 | 157.59 |200.31| 96.56 | 94.55
147 | 72.51 | 61.38 |66.24 | 6671 |228.15[215.98|228 86| 224.33 [264.68[261.94(274.50| 267.04 | 157.62 |200.33 96.58 | 94.56
148 |72.55 |61.42 |66.28 | 6675 [228.20[216.02[228.92| 224.38 |264.73|261.98|274.56| 267.09 | 157.63 |200.34| 96.59 |94.56
149 | 72.58 |61.44 | 6632 | 6678 |228.26[216.07[228.99| 224.44 |264.78|262.04|274.60| 267.14 157.66 (200.36| 96.61 [94.57
150 | 72.61 | 61.46 | 6636 | 66.81 [228.291216.10[229.05| 224.48 |264.83|262.11|274.69)| 267.21 157.67 [200.40| 96.61 |94.59
151 [72.64 | 61.48 | 66.40| 6684 [228.39]216.20[229.15| 224.58 |264.86|262.14|274.75| 267.25 | 157.74 |20041| 96.65 | 94.60
152 |72.67 16151 | 6646 | 6688 [228.450216.25[229.22] 224.64 [264.89|262.16|274.79| 267.28 | 157.76 |200.40| 96.67 | 94.59
153 [72.690 16153 | 66.51| 6691 [228.49(216.30|229.28] 224.69 |264.91(262.17)274.82) 267.30 157.78 |200.39| 96.68 |94.59
154 17272 | 6155|6655 | 6694 |228.52[216.34]229.33| 224.73 |264.94(262.21(274.87| 267.34 | 157.79 |200.40| 96.69 |94.59
155 17277 | 61.60 |66.60 | 66.99 [228.56216.37]229.38| 224.77 |264.98|262.26|274.93| 267.39 | 157.78 |200.40| 96.68 |94.59
156 | 72.80 |61.62 |66.64 | 67.02 |228.59|216.40[229.41| 224.80 |265.05[262.31|274.96| 267.44 | 157.78 |200.42| 96.68 | 94.60
157 |72.82 | 61.64 6669 | 67.05 [228.63[216.43[229.46] 224.84 |265.09|262.34275.01| 267.48 | 157.79 |200.43| 96.69 |94.60
158 |72.85 | 61.66|66.73| 67.08 |228.66[216.45/229.50| 224.87 [265.15262.40]275.07| 267.54 | 157.79 |20046| 96.69 | 94.62
159 |72.86 | 61.67|66.77| 67.10 [228.69[216.48|229.56| 224.91 [265.17|262.43|275.11| 267.57 | 157.81 |20047| 96.70 |94.62
160 | 72.88 161.69 6682 67.13 |228.72[216.50229.60| 224.94 [265.23|262.50(275.19] 267.64 | 157.81 |200.51| 96.70 |94.64
161 172916171 |66.86| 67.16 |228.76|216.53|229.65| 224.98 [265.26|262.53(275.22| 267.67 | 157.82 [200.51] 96.70 |94.64
162 [ 7295|6174 6691 | 6720 |228.80[216.57[229.69| 225.02 [265.32(262.58(275.29( 267.73 | 157.82 |200.53( 96.70 | 94.65
163 | 72976176 | 6696 | 67.23 |228.831216.59[229.73| 225.05 |265.35(262.61275.35| 267.77 | 157.82 |200.54| 9670 | 94.66
led 72006177 16609 6725 |228.85216.60[229.76| 225.07 [265.38|262.63|275.39| 267.80 | 157.82 200.55( 96.70 | 94.66
165 | 73.02]61.79|67.03| 6728 |228.87|216.62(229.81| 225.10 [265.40|262.66|275.43| 267.83 | 157.82 [200.55| 96.70 | 94.66
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Didy (cellulose) (2019E0622) that 0%
I 2 3# | average 14 23 3# |average| I# 2% 3#  |average Cellulosé] s saetlls 2

166 173,04 [ 6150 167.06 | 6730 |228.90[216.641220.85| 225.13 [265.43[262.70[275.48[ 267.87 | 157.83 [200.57| 9671 |94.67
167 17305 L6181 l67.10| 6732 |228.92216.661220.87] 225.15 |265.47(262.75(275.54| 267.92 | 157.83 [200.60| 96.71 | 94.69
168 173,08 6183 |67.14| 6735 |228.950216.69(229.90| 225.18 [265.49[262.78[275.58( 267.95 | 157.83 [200.60| 96.71 | 94.69
160 | 73.10 6185 67.19| 6738 [228.991216.73[229.94| 22522 [265.56(262.84(275.66| 268.02 | 157.84 |200.64| 96.72 |94.70
170 17312 l6187 l67.24| 6741 |229.01]216.76]220.98] 225.25 [265.60[262.88(275.73( 268.07 | 157.84 |200.66| 9672 [94.71
171 17315 16190 (6730 | 6745 |229.04]216.80(230.03] 225.20 [265.65[262.94|275.80( 268.13 | 157.84 |200.68| 96.72 |94.72
172 17318 L6193 [6736 | 67.49 [229.06]216.81230.06] 225.31 [265.70[262.98(275.86| 268.18 | 157.82 |200.69| 96.70 | 94.73
173 [71320 [6194 (6730 6751 [220.10(216.84]230.11] 225.35 [265.74(263.02(275.90| 268.22 | 157.84 |200.71| 9672 |94.74
174 17323 | 61.96 |67.43| 67.54 |229.13]216.86[230.15| 225.38 [265.80[263.08[275.99( 268.29 | 157.84 [200.75| 96.72 | 94.76
175 |73.26 | 61.98 |67.47| 67.57 [229.16]216.89]230.18| 225.41 [265.83(263.12[276.04| 268.33 | 157.84 |200.76| 96.72 | 94.76
176 17328 16199 |67.50| 6759 [229.18]216.90[230.21| 225.43 [265.87]263.16]276.11| 268.38 | 157.84 |200.79| 96.72 | 94.77
177 7331 | 6201 [6754 | 6762 [229.21]216.94]230.26| 225.47 [265.92|263.20{276.17| 268.43 | 157.85 |200.81| 96.72 | 94.78
178 17334 | 62.04 |67.57| 6765 1229.22]216.95[23030] 225.49 [265.96[263.24[276.21| 268.47 | 157.84 [200.82| 96.72 | 94.79
179 17336 | 62.05 |67.60| 6767 |229.24216.970230.32] 225.51 [265.99]263.28[276.26| 268.51 | 157.84 [200.84] 96.72 | 94.80
180 | 7338 | 62,06 |67.63| 67.69 [229.27]217.01[230.37] 22555 [266.04[263.31[276.30[ 268.55 | 157.86 |200.86] 96.73 | 9481

Note: It can be seen from table 5-5, at the end of testing the largest differences between the individual results of blank, refercnce

materials and sample testing was 15.4%, 5.8%, 4.7% respectively which were all less than 20%, so calculated the average
percentage biodegradation as the degree of biodegradation of material.
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Table 5-5, fig.5-2 and fig.5-3 showed that at the end of testing, the degree of biodegradation of cellulose as
reference material and test sample (2019E0622) was 96.73% and 94.81%, respectively. Therefore, the relative
degree of biodegradation of test sample corresponding to that of reference material was 98.02% rounding off
the result to 98.0%.

In EN 13432, the biodegradation should be not less than 90%, the biodegradation of test sample was
coincident with the requirement.

6) Analysis of valid of testing

a. Table 5-5 showed that after 10 days, the blank testing evolved about 16.12g CO,, the content of volalile
solids of 600g dry inoculum was 154.81g. So after 10 days, the inoculums in blank vessel produced 104.1mg
carbon dioxide per gram of volatile solids. It was in according with the requirement in ISO 14855-1 that the
inoculum in the blank shall produce between 50mg and 150mg of carbon dioxide per gram of volatile solids
over the first 10 days of the test.

b. It also can be seen from table 5-5, the biodegradation of reference material was 78.6% after 45 days
which required in ISO 14855-1 should be more than 70%.

¢. The difference between the percentage biodegradation of the reference material in the different vessel
was 5.8% at the end of the test which was less than 20% as required in standard.

So a conclusion could be made that the testing was valid and the degree of biodegradation of sample was
98.0% after 180 days.
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Section 6 Disintegration testing in pilot-scale composting

6.1 Introduction P
1) Principle of test method N l bS(( /,P
The disintegration testing was performed under defined and standardized composting conditiofs Y <o

pilot-scale level in a 170L bin, The test material was mixed with fresh biowaste, put into an insulated
composting bin, then composting starts spontancously. Monitored temperature, pH-value, moisture content and
gas composition regularly. Directed Lhe processing of composting through aeration and moisture content. The
composting process was continued il fully stabilized compost oblained after 12 weeks.
2) Guidelines

ISO 16929:2002 Plastics -- Determination of the degree of disintegration of plastic materials under defined
composting conditions in a pilot-scale test

GB/T 6003.2-1997 Test sieves -- Technical requirements and testing -- Part 2: Test sieves of perforated
metal plate (eqv ISO 3310-2:1990)

6.2 Malterials

[) Test sample
Name: eSUN Biodegradable Polycaprolactone
Description: white sheet

2) Artificial biowaste
cabbage
fresh apple
fresh apple peel
wood chips
rabbit feed
mature compost, from the composting factory in Beijing, 3 months age. (The grade after testing with
Rottegrad method was V)

6.3 Disintegration testing
1) Apparatus

Element analyzer (precision, 0.1%)

Mulffle furnace (precision, *10°C)

Temperature detector (precision, +0.2%)

Moisture meter (precision, +3.0%)

Oxygen detector (precision, +3.0%)

CO;, detector (precision, +2.5%)

pH meter (precision, +0.05pH)

Balance (precision, +0.1mg, measuring range 160g; precision, +0.1g, measuring range 610g; precision,

+5g, measuring range 30kg)

Drying oven (precision, #2°C)

Disintegration bin (170L)

Sieve (2mm and [0mm)

Dewar vessels (1.3L)

Digital Camera

Reflectometer (resolution 0.1%)

» ammonium nitrogen (detection limit 0.005g/L)
» nitrite and nilrate nitrogen (detection limit 0.005g/L)

Conductivity meter(0.00~19.99mS/cm, resolution 0.01mS/cm)
2) Schematic

The schematic of apparatus was described as following fig.6-1.
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Fig.6-1 Pilot scale composting apparalus schematic

3) Testing Methods

a. Determination of the total dry solids content (TDS) and volatile solids content (VS)

Dried a crucible for 3h at 105°C, then took it out and put in the desiccator to cool to room lemperature,
weighed it (recorded as mg);

Added about 3~10g sample (less than 2/3 of crucible volume) in crucible, weighed it (record as m,);

Then put it in the drying oven and dried it for 3h at 105°C, took it out and put in the desiccator to cool to
room temperature, weighed it (recorded as my);

Then moved it into the muffle furnace and incinerated it at 550°C for 3h, took it out and put in the
desiccator to cool Lo room temperature, weighed it (recorded as ms);

Calculated the total dry solids content of sample as following:

DS (%) ="2""0 . 100
m, —m,

calculated the volatile solids content of sample as following,

VS () ="2""5x100
m, —m
Repeated the test one time.
Determination result shall be expressed by the average value.

b. Total Organic-carbon and nitrogen content

The elements of organic carbon (TOC) and nitrogen were measured by elemental analyzer. Took about
2~5mg sample, put it into the sample cell after packed with tin boat. Started the procedure to determine
elements while the temperature of combustion tube was 1150°C.

c. pH value

Determined the pH value of compost using following steps. Prepared a mixture of 1 part of compost with 5
parts of deionized water which means that 20g+0.1g compost was put into a 200ml beaker, added 100g+0.1g of
deionized water, shook it, measured pH immediately with pH meter.

d. Concentration of carbon dioxide and oxygen in exhaust air.
Used oxygen and carbon dioxide detector to measure the oxygen and carbon dioxide concentration in the
exhaust air respectively.

e. Moislure content

Put the detector of the moisture meter into compost and recorded the result showed on the screw of the
meter.

f. Conductivity

Demarcated the detector with 2764puS/cm(2.76mS/cm) standard solution. Used conductivity meter with

this detector to test the conductivity of the compost.

g. Ammonium nitrogen and nitric nitrogen
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Prepared a mixture of 1 part of compost with 9 parts of deionized water which means that 4g+0.1g
compost was put into a 50ml beaker, added 36g+0.1g of deionized water, shook it. Then p n-int
the reactor of Reflectometer to SmL. Put test strip into reactor and started the lest pmccdtNT SAS{FHP
4min late and put into strip adapter, read the result.

h. Temperature
Tested the temperature with temperature detector and the data were transmitted to the computer.

4) Procedure
a. Sample preparation
Weighed sheet sample of 1% of biowaste (wet weight). Reduce it in size to 10cmx10cm.
Weighed granules of sample of 9% of biowaste (wet weight) to add in compost mixture to determine the
effects on the composting process and the compost quality.
b. Preparation of biowaste
The following ratio of materials (wel weight) was used to prepare mixture of biowaste mixture:

—cabbage 10kg;
—1{resh apple 10kg;
—fresh apple peel 0.5kg;
—rabbit feed 20kg;
—wood chips 8kg:

—mature compost 28kg

—waler 30kg

Broke the above biowaste mixture to sizes not greater than Scm and then fully mixed it. Determined the total
dry solids content and volatile solids of the above respectively.

c. Prepared two bins used for blank compost testing (without test sample).

d. Prepared two bins used for sample compost testing (with test sample).

¢. Feeding

Loaded test sample with biowaste into disintegration bin, and mixed it well (the moisture content about 50%
by mass with no free water present).

f. Aeration

Connected air flow about 2L/min0.03L/min at the bottom of the bin.
g. Turning
Did the turning once a week during the first four weeks, later twice a week until the end of the test to break
down lumps and to remix water, micro-organisms and substrate. During turning, observed and recorded the
color, odor and other characteristics of mixture and take photos for sample. Carried out a visual assessment and
estimated the particle size distribution of the test material and recorded signs of microbial colonization in the
test material particles.

h. Measured the pH, moisture of the mixture.

i. Oxygen and carbon dioxide concentrate

Used oxygen and carbon dioxide sensor to measure the oxygen and carbon dioxide concentration in the
exhaust air respectively. Test it every working day during the first month of the test and once a week afterwards.

j. Measurement of temperature of mixture

Every morning and afternoon, measured and recorded the temperature of the biowaste mixture.

k. The duration of the incubation shall be 12 weeks.

1. Termination of the test

a) Cool the mixture to room temperature, removed it from the compost bin.

b) Sieve each of the mixture through a standard 10mm sieve, searching the overflow carefully for large lumps
of the test material and breaking these up. Separate the sieved material further by sieving through a standard
2mm sieve. From the 2mm to 10mm fraction thus obtained, pick out all fragments of the test material, place
them on a separate 2mm sieve and clean carefully by washing under a running tap. Dry the cleaned particles at
105°C (or at 40°C+2°C for lest materials with melting temperatures below 105°C) until constant mass is
rcached. From the mass of total dry solids thus obtained, calculate the degree of disintegration as following:

M, -M
D(%) == 45100

db
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Where,

Myy,: total dry solid mass before Lhe test; e

My total dry solid mass after test N IS( / /P

Tn addition, measure the amount of organic matter present by determining the volatile-matter cofltelit:

¢) Analyse a homogeneous sample of the <Z10mm fraction for the total dry solids, volatile solids, pH,
ammonium nitrogen, nitrite and nitrate nitrogen, and total nitrogen of the mixture (<< 10mm fraction) to see the
quality of compost.

Determination of the maturity of the compost by the method “Rottegrad”. The measured maximum

temperature after about 2 to 5 days is used Lo classily the compost.

d) Use the <<10mm fraction for further ecotoxicily lesting.

6.4 Result and discussion
1) Basic properties of materials
a. Basic properties of biowaste
The test result of dry solids, volatile solids and C/N was listed in table 6-1.
Table 6-1 Basic properties of fresh biowaste

Fruit, vegetable and rabbit .
[tem A Wood scrap
Dry solids o 50.6 80.2
Moisture % 43.4 19.8
Volatile solids Yo 85.7 83.1
NH," -N g/l 0.37 e
CIN 373 45.5
b. Basic properties of inoculum (mature compost)
The test result of dry solids, volatile solids and C/N was listed in table 6-2.
Table 6-2  Basic properties of compost
Compost Dry solids Moisture Volatile solids C/N
(kg) (kg) (kg) (%)
28.0 20.6 7.4 252 15.5
c. Basic properties of sample
The test result of dry solids sample was listed in table 6-3.
Table 6-3  Basic properties of test sample
Appearance Dry solids Moisture
(%) (%)
Sample Sheetl 99.4 0.6
2) Test set
Table 6-4 Basic properties of mixture for composting
Biowaste mixture Test material(sample)
Sheet sample Granule sample R?t_'t? of
) (about 1% of biowaste) (about 9% of biowaste) CArorn
Composting Actually D lids and
recipient added amount Ly SOHCs Actually Actually nitrogen
(kg) (kg) added Dry solids added Dry solids | of mixture
amount (kg) amount (kg) (C/ND
(kg) (kg)

Test material

(sample) 112.5 534 1.125 1.119 10.125 10.069 34.8
recipient 14
Test material

(sample) 112.5 53.4 1.125 1.119 10.125 10.069 34.8
recipient 2#
Blank recipient I# 112.5 534 — — — — 29.8

Blank recipient 2# 112.5 534 — — — — 29.8
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3) Temperature
The temperature of biowaste mixture in test recipients was listed in table 6-5.
Table 6-5 Temperature of test

Titne, day Blank cmnpc‘:sling Blank composting Sample composting Sample composting
’ recipient 17,'C recipient 2%,C recipient 1*, 'C recipient 2, °C

Lst am 224 23.6 233 23.6
pm 41.9 42.1 41.5 41.7
2nd am 529 51.8 53.1 52.3
pm 56.9 62.6 62.5 58.4
3rd am 60.7 65.1 66.8 62.3
pm 63.5 65.9 67.7 64.2
4th am 65.2 64.8 68.1 67.5
pm 65.7 64.2 67.2 65.6
Sth am 64.6 66.1 66.7 66.7
pm 65.7 64.9 65.1 67.3
6th am 64.9 63.2 66.2 68.3
pm 65.1 62.5 65.9 67.9
7th am 64.7 61.9 64.2 66.5
pm 63.8 61.1 65.1 64.8
8th am 62.6 60.6 64.5 62.7
pm 61.9 60.9 63.7 62.8
9th am 62.5 61.1 63.9 60.9
pm 61.8 61.5 63.2 60.5
10th | am 61.6 60.3 64.1 61.6
pm 61.1 59.9 63.8 61.6
I1th | am 61.0 60.8 62.6 60.8
pm 59.7 60.7 62.1 60.8
[2th | am 58.7 60.4 614 59.2
pm 58.1 594 61.0 59.3
13th | am 57.8 59.4 59.7 57.8
pm 57.6 59.0 59.3 58.4
L4th am 57,5 379 58.2 58.0
pm 551 58.6 57.3 56.5
15th | am 54.7 55.8 55.3 56.1
pm 56.4 55.5 56.2 56.8
16th | am 54.1 53.3 56.9 54.6
pm 55.0 534 55.5 54.0
17th | am 53.7 52.7 55.1 53.8
pm 55.3 52.9 54.1 52.8
18th | am 54.0 514 534 52.3
pm 54.0 510 53.6 51.6
19th | am 52.7 50.2 52.8 52.6
pm 52.2 50.2 52.1 50.7
20th | am 51.2 49.5 52.0 52.2
pm 51.1 49.7 51.8 51.8
21st | am 50.2 48.2 51.3 51.8
pm 50.9 48.4 50.8 51.1
22nd | am 50.0 47.6 49.0 49.5
pm 49.2 474 49.5 48.5
23rd | am 49.2 47.7 50.1 48.7
pm 48.6 46.3 48.9 48.8
24th am 47.6 45.5 49.4 48.0
pm 47.2 44.7 50.9 49.5
25th am 47.0 44.3 47.2 47.4
pm 47.1 44.9 46.7 48.2
26th [ am 46.3 43.5 45.7 454
pm 459 429 45.7 46.9
27th | am 44.5 42.8 43.0 41.5
pm 47.2 41.6 433 41.9
28th am 437 40.9 40.5 41.6
pm 419 41.0 414 40.8

|

;
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Blank composting

Blank composting

Sample composting

Sample composting

Time, day recipient 17,C recipient 2°,C recipient I*, C recipient 2", 'C !
29t | am 03 411 423 m )
pm 43.0 39.6 41.6 1 M7 |/
30th | am 41.1 39.1 409 41.2 il |
pm 412 39.6 40.0 40.9
31st am 39.3 39.3 40.5 39.4
pm 39.1 393 40.3 39.0
32nd | am 39.0 39.2 40.2 38.7
pm 394 39.3 39.1 39.3
33rd | am 39.5 39.5 39.6 38.8
pm 38.5 38.7 38.4 38.6
34th am 39.1 38.2 3.9 38.5
pm 3.3 38.1 36.4 372
35th am 35.7 36.7 35.8 36.0
pm 38.7 379 383 37.1
36th | am 36.1 36.9 35.9 37.8
pm 36.5 36.2 36.8 38.2
37th | am 35.2 36.0 35.8 34.7
pm 37.6 371 36.9 36.1
38th am 353 35.0 35.7 36.0
pm 3511 35.8 36.2 33.6
39th am 353 35.0 34.1 34.1
pm 34.7 34.5 34.4 35.6
40th | am 34.5 34.4 36.8 36.0
pm 34.7 33.2 33.1 34.7
41st am 334 335 33.2 35.2
pm 34.5 34.5 33.9 34.6
42nd | am 33.0 32.2 33.7 33.5
pm 329 334 32.0 32.9
43rd | am 32.8 32.0 324 32.4
pm 31.7 31.4 31.5 30.7
44th am 31.8 32.6 31.8 30.7
pm 33.0 324 30.8 32.6
45th am 31.3 32.0 31.2 31.9
pm 30.7 31.3 31.1 317
46th am 31.5 31.9 31.8 32.6
pm 30.5 29.2 28.9 30.3
47th | am 31.0 30.7 32.7 30.9
pm 29.8 29.8 29.6 29.0
48th | am 29.8 28.7 30.3 29.4
pm 30.9 30.6 31.9 31.0
49th | am 29.7 29.8 294 30.6
pm 29.6 28.6 30.0 311
50th | am 30.7 29.6 30.8 29.6
pm 31.7 31.4 30.9 31.1
S1st am 28.8 29.0 27.6 28.4
pm 28.9 28.6 27.8 294
52nd | am 274 27.8 27.8 26.7
pm 27.8 26.3 25.6 25.6
53rd | am 27.5 26.2 26.7 2549
pm 26.3 26.1 24.9 25.5
54th am 24.6 24.7 25.8 23.4
pm 24.7 254 249 24.6
55th | am 24.5 23.4 25.5 24.8
pm 24.5 24.7 24.9 24.2
56th am 254 26.1 24.1 24.1
pm 25.7 25.7 26.6 24.8
57th | am 25.3 24.1 24.7 26.6
pm 25.0 24.7 26.0 25.3
58th am 244 24.2 26.3 26.8
pm 24.9 24.6 24.6 255
59th am 247 254 25.3 26.1
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Titia; day Blank compoﬂsting Blank composting Sample composting Sample composling
o recipient 1°,C recipient 2",C recipient 1*, 'C recipient 2%, 'C
pm 25.0 240 247 m )
60th | am 24.6 25.6 25.6 1N3 \/
pm 25.0 23.8 23.8 955
6lst | am 24.8 24.7 25.7 26.9
pm 24.8 253 26.3 25.9
62nd am 259 24.5 233 24.3
pm 24.0 24.3 22.7 24.3
63rd | am 24.6 24.5 252 25.4
pm 239 23.8 24.6 24.1
64th am 24.7 244 25.0 24.7
pm 24.2 24.1 25.8 25.1
65th am 24.3 24.7 24.3 225
pm 24.7 24.1 25.2 25.8
66th | am 23.8 24.5 25.0 22.6
pm 25.7 24.9 24.7 24.0
67th [ am 23.8 243 25.6 25.2
pm 24.2 24.8 24.0 25.6
68th | am 24.6 23.6 24.7 24.9
pm 24.1 23.6 25.9 24.5
69th | am 24.9 24.1 25.3 234
pm 25.0 23.7 23.4 25.0
70th | am 24.1 24.3 25.2 24.3
pm 23.9 23.7 24.1 24.5
7ist | am 23.7 234 25.8 24.7
pm 24.7 234 24.4 25.1
72nd | am 23.7 229 24.5 23.7
pm 24.6 23.6 24.5 24.6
73rd | am 24.9 24.2 23.5 23.6
pm 24.6 23.9 22.8 24.5
T4th | am 233 242 24.2 239
pm 23.9 24.6 28.2 24.7
75th | am 24.0 23.6 23.8 23.1
pm 23.6 23.8 24.1 23.8
76th | am 24.1 23.8 23.9 23.8
pm 24.0 23.8 24.2 24.1
T7th am 23.8 23.1 232 23.3
pm 24.4 23.4 24.8 24.5
78th | am 23.5 232 232 23.8
pm 23.9 23.7 234 24.1
79th | am 24.5 23.6 233 24.3
pm 24.4 24.1 22.9 24.3
80th | am 24.1 24.4 24.3 24.2
pm 23.5 233 23.7 23.8
8lst | am 237 234 23.8 23.8
pm 232 235 23.5 23.6
82nd | am 23.5 24.5 23.8 24.1
pm 23.6 23.7 24.0 23.7
83rd | am 23.8 238 233 23.5
pm 23.9 23.7 23.2 23.8
84th | am 23.4 23.5 23.2 24.1
pm 239 23.8 23.8 23.9

It can be seen from table 6-5, in the first week, the highest temperature of the test recipients was 65.7°C,

66.1°C, 68.1°C and 68.3°C respectively which lower than 75°C and it decreased after one week thereafter.

The temperature of all recipients remained above 60°C about one week. The temperature of blank
recipient 1# remained above 40°C for 29.5 consecutive days while blank recipient 2# remained for 28.0 days.
And the temperature of test sample recipient 1# remained above 40°C for 31.0 consecutive days while test
recipient 2# remained for 29.5 days. It can be seen that all recipients had the times above 40°C more than 4
consecutive weeks. It seems all right of test characters of composting, so it considered the processing of test
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were valid.

4) Oxygen and Carbon dioxide concenlrale )
Fig.6-2 and fig.6-3 was the curve of carbon dioxide and oxygen concentration related Nl] LSQ‘/PbFQP
time respectively. —
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Fig.6-3 oxygen concentration curve

From fig.6-2, it can be seen that the percentage of concentration of carbon dioxide in exhaust air was
increased quickly in the firstly 4 weeks with composting processing and decreased after 5 weeks and after 10
weeks it changed slowly. Tt also can be seen from fig.6-3 that in the exhaust air, the concentration of oxygen of
cach recipient was more than 17.0% which large than 10% as required in standard to ensure the composting
going on well.

5) pH
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pH of each test recipient was listed on table 6-6.

Table 6-6  pH value

[
Sample composting recipiént gjk, y

e Blank composting recipient

Wecks L 21 # o
0 7.0 7.0 7.0 7.0
1 7.1 7.0 7.1 7.1
2 7.1 7.1 7.0 7.1
3 7.2 7.2 7l 7.2
4 3 7.3 72 1.2
5 ] 7.3 7.4 13
6 74 7.4 7.5 7.3
7 7.5 74 75 1.5
8 7.5 ) 7.6 715
9 7.6 7.6 7.6 7.6
10 7.6 7.6 1.7 7.6
11 77 7.6 7 7.7
12 7.8 it 7.6 )

It can be seen from table 6-6, the pH value of each vessel was 7.0 at the beginning of test. The pH value of
each vessel was increased with the testing going on and the highest value was 7.8 until the test was finished. All
of pH value of each vessel was lower than 9.0 and above 5.0.
6) NIH,™-N, NO,-N, Electric conductivity

The test result of NH,*, NO,” and Electric conductivity was listed on table 6-7, table 6-8 and table 6-9

respectively.
Table 6-7 NHy*-N in the mixture
weeks NH,"-N, g/kg TDS
Blank compost1# Blank compost2# Sample compost 1 # Sample compost2#
0 0.38 0.40 0.40 0.44
2 0.42 0.44 0.48 0.52
4 0.34 0.32 0.46 0.54
6 0.30 0.35 0.41 0.43
8 0.22 0.27 0.39 0.38
10 0.18 0.16 0.23 0.22
12 0.15 0.12 0.20 0.18
Table 6-8 NO, in the mixture
— NO,, g/kg TDS
Blank compost1# Blank compost2# Sample compost1# Sample compost2#
0 0.14 0.13 0.16 0.22
2 0.19 0.18 0.19 0.20
4 0.24 0.22 0.25 0.24
6 0.23 0.24 0.26 0.30
8 0.29 0.27 0.34 0.30
10 0.29 0.27 0.31 0.29
12 0.29 0.26 0.30 0.28
Table 6-9 E.C. in the mixture
weeks E.C., ms/cm
Blank compost1# Blank compost2# Sample compost1# Sample compost2#
0 221 2.24 2.20 221
2 2.08 2:12 2.04 1.95
4 1.99 1.96 1.83 1.87
6 1.84 1.79 1.82 1.82
8 1.63 1.76 1.70 1.75
10 1.63 1.64 1.68 1.69
12 1.58 1.61 1.65 1.67

Table 6-7 showed that the concentration of NH," of blank compost mixture and sample compost mixture
was decreased with processing of composting and it was 0.15g/kg, 0.12g/kg, 0.20g/kg, 0.18g/kg at the end of
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the testing respectively.

Table 6-8 showed that the concentration of NO,~ of blank compost mixture was increasgd essin
of composting(14# to 0.29g/kg TDS: 2i# to 0.26g/kg TDS), and the concentration of NO, Offa {)}nﬁa)
mixture was also increased(1# to 0.30g/kg TDS; 2# to 0.28g/kg TDS).

Table 6-9 showed that the value of E.C. of blank compost mixture and sample compost mixture was

decreased alter beginning (est.
It can be seen from table 6-7 (o table 6-9, the processing of composting went smoothly.

7) Characteristics of the compost after composling test
Analyse a homogeneous mixture of the <<10mm fraction for total dry solids, volatile solids, C/N and

Rottegrad. The result was listed on table 6-10.
Table 6-10 Characteristics ol the compost after composting

Dry solids (%) Volatile solids (%) C/N Rottegrad
1# 24 1# 2% 1# 2# 1# 24
Blaitkcoignst s14 | 518 152 15.0 16.1 15.7 v v
after testing
Samplesompast | gig N Slob PIsk | 155 ~lgE [ s v v
after testing

From table 6-10, it can be seen that the compost mixture was mature at the end of testing which can be
used to do the ecotoxicity evaluation.

8) Visual description
At first, put the sample into the biowaste which mixtured by the proper proportion. After turning them,

begin the test.
The visual photo of residual sample in composting processing in different weeks until out of sight were

listed from fig.6-4 to fig.6-7.

Fig.6-4 before the test

Fig.6-7 sample in the third week

Fig.6-6 sample in the second week
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From fig.6-4 to fig.6-7, it can be seen that the shape of residual sample in the composting became smaller.
The reason was the sample was disintegrated and the organic carbon of the sample was degraded to_dioxide
carbon. In the initial two weeks the changes of sample was not obvious. After the third WN s

disintegrated to small fragments, it ncarly not distinguished residual sample from compost. #h&n#ho
significant changes in the appearance of the mixture.

At the end of test, picked out the sample, and then sieved the compost mixture through a standard 10mm
sicve and 2mm sieve respectively. The compost was listed on fig.6-8 and fig.6-9 after sieved. Laler, inspected
rudimental sample. Dried the cleaned fragments of sample at 105°C after washing, and recoded the value which
was the mass of total dry solids of residual sample.

o

Fig.6-8 compos through 10mm sieve Fig.6-9 compost through 2mm sieve

9) Degree of disintergration
The residual test sample was the fragments from sample compost afler testing that fail to pass through a >
2mm fraction sieve. The amount of dry solids in the residual test sample was determined and listed on table

6-11. The result of disintegration. _
Table 6-11 the result of disintegration

The amount of total dry . ; ‘
Number of apparatus | solids in the test sample The LA pob tot‘a} dry i .’Ifhc degr.ee -
bypuiiiad in the residual test sample(g) disintegration(%)
i 1118.8 0.1 100.0
pal 1118.8 0.1 100.0
Average 100.0

From table 6-11, it can be seen that the average disintegration was 100.0%, which was corresponding the
requirement of 90% in EN 13432,
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Section 7 Ecotoxicity
7.1 Introduction

1) Principle of test method N &r z}}
The plant growth lesting was done with the compost after disintergration test. ThecOn ' (’J’n,

fraction at the end of the composting may contain residual of test sample such as metabolites, undegraded
components and inorganic components. The purpose of the plant testing was to evaluate any toxic effect of the
products of composting to the plant compared with blank compost.

At the end of test, the germination rate, fresh and dry weight of the plants of each pol were determined.
The result of test was included the rate of germination ratio and biomass as percent of the corresponding values
obtained with the blank compost.
2) Guidelines

ASTM D 6400-12 Standard Specification for Labeling of Plastics Designed to be Aerobically Composted
in Municipal or Industrial Facilities

EN 13432 packaging - requirements for packaging recoverable through composting and biodegradation -
Test scheme and evaluation criteria for the final acceptance of packaging

OECD 208 Guidelines for the testing of chemicals “Terrestrial plant test: seedling emergence and scedling
growth test”

7.2 Materials
1) compost

a. blank compost

The blank compost was the compost of blank recipients respectively after the composling tesling as
described in section 6, recorded as blank compost 1# and blank compost 2#, and homogenous blank compost 1#
and blank 2# as 50:50 mixture, recorded as blank compost 3#.

b. test sample compost

The test sample compost was the compost of test sample recipients respectively after the composting
testing as described in section 6, recorded as sample compost 1# and sample compost 2#, and homogenous
sample compost 1# and sample 2# as 50:50 mixture, recorded as sample compost 3#.

2) soil

Sampled the soil from field. Removed the surface materials such as leaves etc. on the field soil then took
soil. Sieved the soil with 2mm sieve. After sieving, spread soil on the tarpaulin under sunshine with well
ventilated for 3 days. Determined it’s value of pH, content of organic carbon, N, conductivity and water holding
capacity. The value of pH of soil should be 5.5 to 7.0.

3) seeds
2 kinds of seeds were selected from the categories of annex1 of OECD 208 listed as following.
a. Chinese cabbage of species of Brassica campestris var. chinensis in DICOTYLEDONAE
b. Barley of species of Hordeum vulgare

7.3 Planting
1) Apparatus
a. Garden pot (3.5L)
b.Balance (precision, *0.1mg)
c. Air conditioner (precision, *2°C)
d. Automatic humidifier (precision, *5%RH)
e. llumination (precision, CCT: 2000K; Initial lumens 56500)
f. Hlumination detector (precision, 2.0%)
g. Temperature meter (precision, *+0.5C)
h. Moisture meter (precision, +3%)
i. Drying oven (precision, +27C)
j. Digital Camera

2) Testing method
a. Weight determination
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a) fresh weight of plant

Al the end of testing, weight a beaker recorded as M, (g), push the plants in a begker and i,gh:[.. it
recorded as M(g). The fresh weight of plants(g)=Mp>-M,;. N ? St(f })I)

b) dry weight of plant
Dry the plants and dry it at 105°C, weigh it recorded as My;3. The dry weight of plant(g)=M3-M,,.

b. Germination ratio
Recorded the number of sowed seeds. At the end of test, counted the germination of plants. The
germination ratio (%) = The number of germinate/sowed seeds x100%.

c. Procedure
a) Determined the total dry solids of reference soil and compost. Each seed was planted with reference soil,
compost mixed with reference soil(1:1), compost mixed with reference soil(1:3) with parallel groups
respectively. Weighed reference soil or compost/reference soil (about 4000g), put it into a 3500mL pot, add
about 1100mL distilled water.
b) The 2 kinds seeds had been sown as following:
Put 100 seeds of summer barley onto soil mixture in pot for each sample series.
Put 100 seeds of Chinese cabbage onto soil mixture in pot for each sample series.
Then covered the pot with a thin layer of reference soil, and then added the appropriate distilled water
respectively, as needed to make the right humidity.
¢) Covered the pots with glass plate, incubate them at a constant temperature of 20°C+2°C in the dark. After
germination, removed the glass, exposed the pots under at least 3000lux light shining for 16h per day.
Exchanged the location of each pot every two days.
d) During the test, used automatic humidifier and air conditioner to mainlain temperature 23C+2°C and
humidity (70% during the day, at 90% in night).
¢) During the test, water is added if need to the right humidity of pots.
f) Took pictures once a week, record plant growth.
g) The test was finished 14~21 days alter 50% of the control plants have emerged.
h) For each species, calculated for each series of tests the germination rate. The result was expressed by the
average value of parallel group.
Weigh each series test weight of each plant biomass (fresh weight). The result was expressed by the average
value of parallel group.
Dry plants at 105°C, after 3 hours weigh il.
Calculate the germination ratio and biomass as percent of the corresponding values obtained with the blank
compost. For each plant, calculated as follows:
Gemination rate as percentage of corresponding

Gemination rate

sample compost : lerence soil, LL
(sample comp: ) %100

values obtained with blank comp oSt e rmence soil, 1n{ %) = T ——
(4

(blunk compost: reference soli, L)

Gemination rate as percentage of correspongding

Gemination lale’(sm‘ﬂl:)ln: compost: rierence soil, 13) % 100

Gemination rate

values obtained with blank COMPOSt o reiewnce soi, 13 700 =

(blank compost: reference soli, 13)
D[.y blo‘mssisample compost: reference soil, 1)

Dl'y biomass (hlank compost: reference soil, k1)

(%) = =100

Biomass rate

(compost: reference soil, L1)

(%) o Dry blun]ass(s;unp]cwmpns: reference soil, 1:3) % 100
Dry biomass

Biobass rate,

(compost reference soil, 1:3)
(blankeompost:rftrence soil, 1:3)

7.4 Result and discussion
1) The character of soil and composting-soil
the character of soil and composting-soil has been shown on following table 7-1, table 7-2 and table 7-3.
Table 7-1 Mass of the mixture in pot

Compost-soil Blank series (kg) Sample series (kg)
rate Compost Soil Compost Soil
1:1 2.0 2.0 2.0 2.0
1:3 1.0 3.0 1.0 3.0
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Table 7-2 Characteristics of the mixture of the [(blank-compost)-+soil ]

-soil | Ratio of car :
Com|.msl soll Dry solids (%) | Moisture (%) Volaltile solids (%) gercation K
rate cmb
1:1 67.42 32.58 21.52 18.21
13 13.52 2648 23.90 19.18
Table 7-3 Characteristics of the mixture of the [(sample-compost)+soil]
e 801 Ratio of car and nitrog
(,0m|?os[ soil Dry solids (%) | Moisture (%) Volatile solids (%) ttio of carbon and nitrogen
rate (C/N)
£ 68.44 31.56 21.55 18.69
! 74.04 25.96 23.90 19.41

2) 'Test series
a. Cabbage

The series of planting of cabbage were listed on table 7-4.

Table 7-4 Test series of cabbage planting test

- Numbers of seeds at the Numbers of germination at the )
Test set - é s, B Average
beginning of testing end of testing
1# 100 97
[(blank-compost)+soil]l:1 | 2# 100 98 97.67
3 100 98
I # 100 98
[(blank-compost)+soil]1:3 | 2# 100 98 97.67
3# 100 97
1# 100 97
[(sample-compost)+soil|1:1 | 2# 100 97 97.33
3# 100 98
L4# 100 97
[(sample-compost)+soil]1:3 | 2# 100 94 95.67
3# 100 96
b.Barley
The series of planting of summer barley were listed on table 7-5.
Table 7-5 Test series of summer barley planting test
T Numbers of seeds at the Numbers of germination at the i
est set ok : ; Average
beginning of testing end of testing
1# 100 99
[(blank-compost)+soil]l:1 | 2# 100 99 08.67
34 100 98
14 100 97
[(blank-compost)+soil]1:3 | 2# 100 98 98.00
3# 100 99
1# 100 97
[(sample-compost)+soil]1:1 | 2# 100 96 95.67
3# 100 94
1# 100 99
[(sample-compost)+soil]1:3 | 24 100 99 98.67
3# 100 98

3) Rate of germination ratio

Read the average germination ration of each plant from table 7-4 to table 7-5 which was listed on table 7-6

respectively.

Table 7-6 The average germination ratio of plants

Average germination ratio cabbage, % barley, %
; 1:1 Q7.7 98.7
[{blank-compost)+soil] 3 977 93.0
; 1:1 97.3 95.7
[(sample-compost)+soil] 13 5.7 987
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Table 7-7 was the rate of germination ratio of each plant which was calculated from the average
germinalion ratio of plants. From table 7-7, it can be seen that the rale ol germination ration_of each hng_was
all more than 90% as required in standard. S ),P

(/7

Table 7-7 The rate of germination ratio of plants

Rate of germination ratio cabbage, % barley, %
i ) : ’ ! ; 1:1 99.6 97.0
[(sample-compost)+soil |/ (blank-compost)-+soil | 98.0 1007

4) Biomass rate
a.Cabbage
The biomass of planting of cabbage were listed on table 7-8.
Table 7-8 Test biomass of cabbage planting test

Test set Weight of fresh biomass,g | average | Weight of dry biomass,g | Average |
1# 17.55 2.27
[(blank-compost)+soil]1:1 | 2# 17.83 17.24 2.41 2.28
3# 16.35 2.16
1# 18.23 2.19
[(blank-compost)+soil]1:3 | 2# 16.99 17.51 2.10 2.18
3 17.32 2.24
1 16.68 1.98
[(sample-compost)+soil|1:1 | 2# 17.33 16.99 2.39 2.21
3¢ 16.97 2.26
1# 17.62 221
[(sample-compost)+soil]1:3 | 2# 18.67 18.05 2.49 2.32
3# 17.87 2.25

b.Summer barley
The biomass of planting of summer barley were listed on table 7-9.
Table 7-9 Test biomass of summer barley planting test

Test set Weight of fresh biomass,g | average | Weight of dry biomass,g | Average
1# 18.12 2.20

[(blank-compost)+soil]1:1 | 2# 17.71 17.89 2.14 2.15
3t 17.83 2.11
14 17.81 2.11

[(blank-compost)+soil]l:3 | 2# 17.74 17.41 2.17 2511
3 16.67 2.05
1# 17.85 2.15

[(sample-compost)+soil]l:1 | 2# 18.20 18.02 225 2.20
3# 18.02 2.21
|4 17.16 199

[(sample-compost)+soil]1:3 | 2# 17.13 17.28 1.96 2.02
34# 17.55 2.11

Table 7-8 to table 7-9 was listed the fresh and dry weight of plants at the end of tesling respectively. And
the biomass rate of plants was calculated based on the dry biomass of all plants of each series which was listed
on table 7-10 and table 7-11. Tt can be seen from table 7-12 that the biomass rate was all more than 90%.

Table 7-10 The weight of fresh plants

weight of biomass Cabbage, g barley, g
’ 1:1 17.24 17.89
[(blank-compost)+soil ] 3 1751 1741
[(sample ostyeall] 171 16.99 18.02
Sample-compost ol 13 18.05 17.28

Table 7-11 The weight of dry biomass of plants

weight of dry biomass Cabbage, g barley, g
. , 141 2.28 2,15
[(blank-compost)+soil ] 3 218 211
1:1 2.21 2.20

[(sample-compost)+soil ] 13 7 2.02




Report No.: NTSQP[2020]C0341 Page 35 of 37

Table 7-12 The biomass rate of dry plants

Biomass rale cabbage, %
[(sample- st)-+s0il]/[(blank-compost)+soil ] LI %3
sample-compost)-+s -comp i 13 064

5)  Visual result
The visual observations of growing of plants were taken by photos by weeks and in which one group of

plants of [(sample-compost)+soil] were listed on fig.7-1 to fig.7-3
A i g =Y -

¥

(a) cabbage

(a) cabbage - (b) summer barley
Fig.7-3 plants in the third week

At beginning of testing, sowed seeds on soil mixed with compost in pot and covered evenly with a thin
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layer reference materials. Added with appropriate amount of water, thereby, the moisture of the soil
maintained around in 40%. After germination, therc was no onc performance with ye]uINm J)
period of planting, there was no chlorosis, pulrescence, will, malformation ol leal and caudeX in%al o1
series.

The visual observations of plants during the testing showed that there were no visual difference in growth

between the sample-compost mixture and blank-compost mixture.
The visual observations of growing of plants were taken by photos by weeks and in which one group of
plants of [(blank-compost)+soil] were listed on fig.7-4 to fig.7-6.

(a) cabbage

(a) cabbage . B (b) summer barley

(a) cabbage (b) summer barley
Fig.7-6 plants in the third week
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6) Conclusion of the result

Table 7-7 and table 7-12 showed the rate of germination ratio and the rate of bi()[I1ﬂNT$\@P
more than 90% as required in EN 13432 respectively. From above results, it can be concluded that the of
germination ratio and biomass rate was reached the requirement of ecotoxicity of EN 13432,

End




