CHAPTER IV

RESULTS AND DISCUSSION

1. Sample Collection &
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Table 4.1 Virgin resin’s code number,source, description and date of

collection.

Item Description Plant No. | Date of collection

PE 35-001 Blow molding 5 27-11-92

PE 110-001 il | el 25-08-93

PE 15-001 - 27-11-92 -

PP 25-001 W 271192

W el E

PS 111-001 | Tapifsffette vaiziatys

TPI, offgrifiesscl =
PS 111-002 | Tapecassbacs (7« 11-08-93
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Table 4.2 Recycled plastic pellet’s code number, source, description and date

of collection.
Item Description Plant No. Date of
collection
polyethylene

PE 14-001 29-07-92
PE 14-002 16-04-93
PE 14-003 11-05-93
PE 13-001 17-07-92
PE 13.;-002 08-12-95
PE 33-001 17-07-92
PE 43-001 17-07-92
PE 53-001 17-07-92
PE 63-001 17-07-92
PE 17-001 29-04-93
PE 17-002 22-12-95
PE 12-001 onbottle 2 03-06-92
ezl 18 ARBN TNENNYT s
PE 11-001 nonbottle 1 42-12-95
polyQﬁﬁﬁﬂﬂ‘iﬁuuWﬂ’mma d
PS 18 001 nonbottle 8 25-05-93
PS 16-001 nonbottle 6 22-12-95
PS 11-001 bottle 1 03-06-92
PS 11-002 ~bottle 1 22-12-95
PS 21-001 bottle and nonbottle 1 03-01-92




Table 4.2 continued.
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Item Description Plant No. Date of
collection
polypropylene

PP 16-001 23-08-93
PP 17-001 09-08-95
PP 17-002 09-08-95
PP 17-003 22-12-95
PP 13-001 17-07-92




Table 4.3. Ground waste plastic’s code number, source, description and date

of collection
Item Description Plant No. Date of
collection
polyethylene
PE 17-101 mi é 09-08-93
——

PE 17-102 d 22-12-95
PE 11-101 22-12-95
PE 13-101 17-07-92
PE 13-102 ho 08-12-95
PE 22-101 | drinlg g b 22-12-95

polystyrene ‘-"._;*‘
PS 18-001 et - 2 25-05-93
PS 11-102 N . 22-12-95
PS 16-101 - = 22-12-95

polypropylene

PP 16-101 nbphottles o 6 23-08-93
1610 qummw%wa [{E
PP 17-101 nonbottles ¢ 9-08493
e AN VAR uvm (HpRE
PP 17-?03 nonbottles 22-12-95
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Table 4.4. Safety limits of contaminants for packaging plastics

Type of plastics contaminant (ppm)
lead cadmium | mercury | styrene monomer
polyethylene 250 ‘ Q0 100 -
polypropylene " h‘ 1/ 100 -
_polystyrene 1000
3. Quantity of Congfin; ‘
In this work, i PitkaliiA4 cadmium, mercury, and
styrene monomer were dcte d guar il ‘ i result are as follows.

I

3.1. Quantity of Lead

S
The cqilfgr pifigtively by the atomic

-

absorption spectroph® "' Fiwlque as described in

chapter 1m, the organic .l

bstance was completely eliftinated as illustrated in
Figure 4.1. The Tﬂ m mastic pellets and
ground waste pﬂn are reve e! 1n laE:e 41 Ta[ e 4 and Table 4.7,
i PR SR AN G TR B

respectivelyy

According to Table 4.5, there is no lead in the virgin resins. According
to Table 4.6, eight out of twenty-six samples contains lead in exceed of 250
ppm limit. Those samples that exceed the limit came from original plastic

product of baskets and basin.



Table 4.5 Quantity of lead in virgin resins.

Item Description Content of lead (ppm)
PE 35-001 Blow molding 0.00
TPL, GM 2860
PE 110-001 Blowatiold 0.00
PP 15-001 I i s 0.00
PP 25-001 .00
PS 111-001 foasii@ [N 0 00
PS 111-002 I 0.00
V. |"-"d
.l; i 131
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Table 4.6 Quantity of lead in recycled plastic pellets.

Item Form Content of lead (ppm) Color
PE 12-001 Fish containers 252.25 red
PE 22-001 Baskets and others 321.25 green
PE 14-001 Water bottle white
PE 14-002 Water bo white
PE 14-003 white
PE 17-001 red
PE 17-002 black
PE 11-001 blue
PE 23-001 black
PE 33-001 48510 _ black
PE 43-001 | Powder bottjdin .-_1.;;_ blue
PE 53-001 | Powder bottle # oliiav - 2 red
PE 63-001 | Powder bottle and i'fﬁ:’{?ﬁ- blue
PE 13001 | SSCEESSHIE white
PE13-002 - white
PS 18-001 j ge bottle 20.25 black
= g ANE NS WpING
PS 11-002 q H/verage cup H}J white
PS1 W Vi g 198 ﬁ ﬂ H ,.t] i
I EamInendd
PP 16-001 Basket and others 1.75 green
PP 16-002 Basket and others 152.25 black
PP 17-001 Basket and others 415.25 red
PP 17-002 | Basket and others 84.75 black
PP 17-003 Basket and others 117.00 black
PP 13-001 Basket and others 154.25 black
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Table 4.7 Quantity of lead in ground waste plastics.

Item Plant No. | Content of lead (ppm) Color
PE 13-101 3 6.00 white
PE 13-102 3 white
PE 11-101 1 white
PE 22-101 green
PE 17-101 red
PE 17-102 white
PS 11-102 white
PS 16-101 black and green
PS 18-101 black
PP 16-101 green
PP 16-102 red
PP 17-101 red
PP 17-102 black
PP 17-103 red

ﬂumwﬂmwmn's
. ﬁmmtm AN Ty

following sources:

a. air pollution[14]

b. colour additives[22]

¢. municipal waste[23]

d. closure filling

e. residue lead in washing tank in the recycling plant.
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Figure 4.2, F1e43 F1gure44compare colltaminants in various pairs

of feed (grouﬂ yisg | ,nasw)ﬂxmw MOﬁilzellets or resin) of

pelleting machifiés. Referring to Fl‘gure 4.1, for sample pairs of PE 13-001 and
PE 13- 1 d as plastic
passed thi Wmﬁmgﬁggslﬁyﬁ gegonzatmn of
feed. These two pairs of samples are colourless, that is : no colour additive was
added. Other pairs of samples, there is an increase in lead content as plastics
passed through the pelleting machine. This increase in lead is due to addition of
colour additive. Sample PE 11-001 is red, PE 17-002 is black and PE 22-001 is

green.
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plstic Blodibt 1 Nekab Bosbblol 1 do B Lk S sammpe pirs
are PS qu-OOl and PS 18-101 and PS 16-001 apd PS 16-101, whose lead

content increased because the colour additive was added during recycling

process. The colour for PS 18-001 and PS 16-001 is black.



60

1,000

100" gcﬂ 2 [ ground waste plastics
: ;5 : @plastic pellets
CKEL

% | H 1B &
S
gz Bl
53 sek -
CR- L £
=z &= = %
A
Figure 4.4 Compgsdsion of ama ycled polypropylenes

and
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and PP 17-10194nd PP 16-002 a:;d PP 16-102 Lead content was increased
durin;

o LR L ROt
black, respectively. While the lead content of sample pairs of PP 16-001 and PP

16-101, PP 17-003 and PP 17-103, and PP 17-002 and PP 17-102decreased.
This phenomena is probably due to lead volatility.
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3.2. Quantity of Cadmium
Cadmium was analyzed quantitatively by atomic absorption
spectrophotometer. In this analytical technique as described in chapter III, the

organic substance was completely eliminated as illustrated in Figure 4.5. The

ﬂ“ﬂ‘ﬂ"%‘m YN WA

UPS 111-002 ¢ 0. OO

ammnimuw\’mmaﬂ

Table 4.8 shows that there is no cadmium in virgin resins. Referring to
Table 4.9, two out of twenty-six samples contains cadmium more than 100 ppm
limit. The two sample are PE 12-001 and PE 17-001. They came from original

plistic product of baskets and basins.



Table 4.9 Quantity of cadmium in recycled plastic pellets.

Item Plan No. | Content of cadmium (ppm)

PE 12-001 2 665.00
PE 22-001 2 104.00
PE 14-001 0.00

PE 14-002
PE 14-003
PE 17-001 _
PE 17-002
PE 11-001
PE 23-001
PE 33-001
PE 43-001
PE 53-001
PE 63-001+
PE 13-0010 7%
PE13-002 ||

- PS 18-001 26.00
PSlﬁo‘uE ’Jml 1TNEANT
PS 11-8 & 0.00

ﬁrsm\m%m URARBA

Bs 21-001 0.00
PP 16-001 6 66.00
PP 16-002 6 39.00
PP 17-001 7 61.00
PP 17-002 7 57.00
PP 17-003 7 22.00
PP 13-001 3 70.00

62
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Table 4.10 Quantity of cadmium in ground waste pellets.

Item content of cadmium (ppm)
PE 13-101 0.00

PE 13-102 0.00
PE 11-101 |
PE 22-101
PE 17-101
PE 17-103
PS 11-104#
PS 16-1044f
PS 18-10

PP 16-101 |
PP 16-102
PP 17-101 |
PP 17—

PP 17-1GF

rae 4 i UHIRBAS WHARFr 102

PP 17-103 contam cadmium contént exceed limited value. £admium might

come s diob NN forer6d 8l V11 VIEI TR EJ

a. mumc1pa1 waste (Ni-Cd battery, rubber and so on.[24]

b. pigment which had cadmium as component.[25]
c. closure filling such as lubricant[24]
d. washing water of the process of cleaning might contain residued

cadmium from the former plastic washing in the tank.
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In Figure 4.6,f(f§l ethéj:ne [5‘: of PE 17-001 and PE 17-101 ,

PE 17-002 anﬂ;uﬂo n- lmﬂaﬁlﬁ, cadmium content

increased when plastics passed he i chi 1S increase in
A ashsArg ey

cadmi ! u ti ’ d ! 17-001 1is

red, PE 17-002 is black, and PE 22-001 is green. The other of polyethylene

pairs are colourless so no colour is added.
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sample palr of PS 11-002 and PS 11-102 is colourless due to no addition of

colour in plastics.
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3.3. Quantity of Mercury
Mercury was measured quantitatively by cold vapour technique
atomic absorption spectrophotometer. This technique incorporates hydride
system. The quantity of mercury in virgin polymers, recycled plastics, ground

waste plastics are presented in Taglep4.11, Table 4.12, and Table 4.13,

and ground waste plastics is

shown in Figure 4.9, Figu® oind [jgurcan pectively.

According to Tab!c 4 Fie 19400 yn virgin resins
n

PP 1 -001 0.00

fiiai VI'EWI‘B'WH']\ﬂ‘i

Ups 111-001

aﬂammmmammﬁa




Table 4.12 Quantity mercury in recycled plastic pellets.

Item

content of mercury (ppb)

PE 12-001
PE 22-001
PE 14-001

0.00

PE 14-002
PE 14-003
PE 17-00
PE 17-00:
PE 11-00
PE 23-001
PE 33-001
PE 43-001
PE 53-001

PE13-002= J

e
ARIRNT

PS 21-001
PP 16-001
PP 16-002
PP 17-001
PP 17-002
PP 17-003
PP 13-001

PE 63-0gA4
o

0.00

SN INY

312.00
509.20
952.00
456.80
417.00
602.00
126.00

manﬁwm ile

A
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Table 4.13 Quantity of mercury in ground waste plastics.

Item Content of mercury (ppb)
PE 13-101 34.00
PE 13-102 0.00

PE 11-101 ﬂ;f “
PE 22- [0t
PE 1

PP ﬁ5103

e AL NN T
v o1 N f) MW?J"TEW -

a. addltlon_of colour[25]

b.municipal refuse consisting of battery, broken thermometer, amalgram,
and so on.[24]
c. closure filling such as cosmetics, insectiside, etc.[26]

d. residue mercury in washing tank in the recycling plant
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U L R TTCET S—

ground waste pﬂsucs and recyclegpellets fro m.pelleting machin

ﬂ%ﬁﬂ*@ﬁ@%«%’] ARG Vot o 7

22-001 d PE 22-101, amount of mercury decreased as plastic passed through

.q‘I".

the pelleting machine. This may be caused by vaporization of mercury.
Mercury in the sample pair of PE 17-001 and PE 17-101 increased due to the
colour additive was added. The colour of PE 17-001 is red.
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3.4. Quantity of Styrene Monomer
Styrene monomer may come from either depolymerization of
polystyrene or unreacted styrene from polystyrene plant. Styrene monomer
which appeared can be harmful to consumers who use that plastic products. So

omer content by gas chromatography.

it is essential to determine styrene mq
Limited value of styrene i et ,

Iy /( » aging plastics (polyethylene,

polypropylene, and polys ; : miing/kg). GC chromatrogram

of virgin polystyrene a i 1@ Figure 4.13 and presented
~

styrene monomer confcnt Lavle 4.14.
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li_‘lgure 4.13 'y 3 .! 'rg 111-002).
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Figure 4.12 and Figure 4.13 show peak area of styrene monomer (about
3.75) and other volatiles in virgin polystyrenes.

Table 4.14. Content of styrene monogw#s
\

in polystyrene

Item PReNe.  aconfene ™ L rene monomer

PS 111-001

PS 111-002

According to Table &
than limited value. The othg

W CE§ styrene monomer content
cdhonomer content exceed the
limited value. The styrene na
followings :[27] -

may be obtained from the

7 Y]
a. unreacted sty -‘-!; - =
b. pclystyrene can }iegrade during fabncatlon .

o0 BTN TN G n e o1

Figure 4.15, Figdit 4.16, Figure 4. 17 and Figure - 4.18, respectlvg.l'y, and styrene

e RRARRIRAUATINY 1A Y



Figure 4.14 GC chromé'ttogram of recycled polystyrene (PS 18-001).
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Figure 4.15 GC chrommram of recycled ﬁ ﬁtyrene (PS 11-001).
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2 TR E1

Figure 4.17 GC chre atogram of recycled polystyrene (PS 16-001).
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ycled polystyréfie (PS 21-001).

AULINENINYINg
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Figure 4.18 GC chrdy atogram of r¢
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Table 4.15 Styrene monomer content in recycled polystyrene pellets.

Item Plant No. | Content of styrene monomer (ppm

PS18-001 8 859.35

PS 11-001 1 """:."\‘ 7.65
PS 11-002 | —— 5

él
PS 16-001 = —
PS21-001

All recycled poly g £ . Uit ol styrene monomer than
the limited value (1000°pp#f ¢ h‘a.\ iis recycled polystyrene,

due tohigh temperature (ZOOJC) c _“____ of 1 ene occur resulting in ,

then styrene monomer as the ’éf‘_rr:;_:::::-:_- 0 recycled pellets. Furthermore,
e A
residued styrene moyidins ce: W

GC chromatSgfés o styrenes were shown

in Figure 4.19, J!

e T AN ENTNYIN T
RN TUNMININY

sde monomer content is

4.20, and Figure 4.21. S
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atogram of ground waste po ystyrene(PS 18-101).
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Figure 4.19 GC chre



H4:338

Figure 420 GC chroﬂ'ﬁn%lI am of grouad waste polystyrene (PS 11-102).
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Table 4.16 Styrene monomer content in ground waste polystyrene.

Item Plant No. Content of styrene monemer

(ppm)

PS 18-101 8

PS 11-102

PS 16-101

According to Tah D%sand PS 11-102 have less
styrene mcnomer corfic 4 fhe “i’j - | \ - other has more styrene

monomer content than

Styrene monom¢ér ene pellets compared to

f:‘i_

that of ground waste polystyre ~---‘ gure 4.22.

Referring to | ?r'- ‘ "-" 8-001 and PS 18-101,

amount of styrene mas bmer decreascd as plastic p dd through the pelleting
machine. This Ei:ﬁl omer. In the other
pairs of sampla:ﬂé ﬂﬂmm and PS 16-101),
there w. ? through the
TR



concentration of styrene mono om)

10000 | .. ... . ... .
1,000} _Iground waste plastics
lastic pellets
100f" |
Lo 3

PS 11-002
PS 11-102

Figure 4.22 ﬂ‘ﬂﬁ‘? wﬁw mrﬂ,ﬁveen recycled

Polystyrene and gr‘ound waste olystvrene

ammnimummmaﬂ



	Chapter IV Results and Discussion
	Sample Collection
	Safety Limits
	Quantity of Contaminants


