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Summary

Lead contained in plastic shopping bags was analyzed by X-ray fluorescent analysis. The
detection rate of bags which contained lead over 100 ppm was about 17~18 % of colored
bags, 4 % of all bags. Both in 2006 and 2007, average lead concentration was about 310 ppm.
Concentration and detection ratio of lead were different according to bags’ color. There were
some bags whose lead concentrations were over 10, 000 ppm.

The amount of lead in plastic bags which had been thrown away as household waste was
estimated to be 0.98~1. 3 tons/year in Kyoto city, which is equivalent to 84~110 tons/year in
all over Japan. Since these bags end up being burned up, it may account for 0.5~2.0 % or
more compared to total incinerated lead in Japan. Also because shopping bags are very popular
goods in house, it is desired to decrease lead in bags.

Key words: Plastic shopping bag, Lead, X-ray fluorescent analysis, Household waste, Heavy
metal
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Plastic shopping bag at shop A

H H H et

Averaging concentration
of analyzed bags(C, ppm)
(Assuming that under 100 ppm is
0 ppm)

— n,Cu(ppm)

Same color

“Averaged lead concentration
of this color”

_ n,C,+n,Cp+...

Plastic shopping bag at shop B
—— ngCq(ppm) T

n,+ng+...

Fig. 1 The process to calculate the averaged

lead concentration of bags with same color
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31708 Y HEPREZ A E LTHERINTWL Z &
W35 20074EETRECEPFA L TNDA, 0
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Table 1 Target district and number of collected responses by age bracket

2 &

-

B ol Sx|  10-20% 30s 40's 50's Over 60's Total

ac|§c

EEARE:

551238

® &| o = | Number Number Number Number Number Number

Sl 23| of % of % of % of % of % of

7 S response response response response response response
Chiba X A 83 16.3 83 16.7 83 16.7 83 16.7 83 16.7 415
Yokohama | X X 88 17.3 83 16.7 83 16.7 83 16.7 83 16.7 420
Kawasaki X (@) 83 16.3 83 16.7 83 16.7 83 16.7 83 16.7 415
Kyoto @) X 83 16.3 83 16.7 83 16.7 83 16.7 83 16.7 415
Fukuoka [@) @) 88 17.3 83 16.7 83 16.7 83 16.7 83 16.7 420
Kitakyushu| O @) 83 16.3 83 16.7 83 16.7 83 16.7 83 16.7 415
Total - - 508 100 498 100 498 100 498 100 498 100 2,500

%O :Implemented, A : The trash bag is specifyed, but its price does not include charge for garbage collection,

X :Not implemented

(As of February 2008)
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Table 2 The color ratio of plastic bags in Kyoto
city (2006)

Color of bags Number |Ratio of color
White or clear and colorless 1,897 76.3%
Brown 214 8.6%
Green 147 5.9%
Yellow 60 2.4%
Blue 44 1.8%
Red 34 1.4%
Orange 24 1.0%
Other 67 2.7%
Total 2,487 100%

B Vol.19, No.4 [2009]
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LV ROBREILIZE T 2 Z 5 Tld, XRF O£ %
72S, —E Y TV T T EHIFED 7)) » M
B L CRRERRR L X AT o & & ICP-AES T
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THRERIZKE RBEOAR SNz, 7 ¥ MERTOREFIZ
BILTIE, Xs7) v Mo a&Ed L, THIOH =
EOTREIC R > TV 5B 2 25, XRF SAHEASE/NE
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LR HEE LAY, Fig.2 £ ) 7)) v MEAIZOWT H )
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) v MG OmELRLRO TH oo EN D, THE
FRRIZERHN & o TP EH SN D 2 EATRE S 7z,
WIS, LIYRIEPEENL BN E L CTHEHHEbILT
W5 Z L RMERET H7-012, fiEHNIC 7 O A, R8O
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bbb, ZODTEEDOBOMBEREIE, XRF 12

Table 3 Unit consumption of plastic shopping bags based on web questionnaire survey, sheets/(capita-week)

Number of valid Department

Convenience

Supermarket Bookstore Other Total
response store store

Chiba 382 3.14 0.35 1.77 0.34 0.81 6.40

Yokohama 385 3.03 0.60 1.81 0.35 0.84 6.64

Kawasaki 368 3.04 0.43 1.84 0.41 0.88 6.59

Kyoto 376 2.13 0.55 1.40 0.38 0.68 5.15

Fukuoka 375 2.93 0.38 1.61 0.39 0.80 6.11

Kitakyushu 368 3.05 0.31 1.42 0.27 0.74 5.79

(averaged 2254 2.89 0.44 164 0.36 0.79 6.11
value)

Unit consumption, sheets/(capita*week)

Table 4 Weight and number of plastic shopping bags in Kyoto city by waste composition analysis""®
a b c d=a*c/1000 e=b*c
Year Category Basic .unlt Basic unit Collected MSW | Weight(E,q.) Number
of weight of number
(kg/D™'¥ | (sheets/D)'™!® (t/yean)® (t/year) ( sheets/year)
2006 Plastic bags in 16.1 1582 262,660 4,230 415%10°6
municipal solid waste
2007 Plastic bags in 13.7 1,347 231,200 3,170 3111076
municipal solid waste

Note: “Collected MSW” in 2006 is actual achievement, but in 2007 is planned value.
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Fig. 2 Correlation between XRF and ICP-AES
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Fig. 3 Comparison between concentration of lead and total chrome
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Table 5 Characteristics and lead concentration of plastic bags in 2006

Number of . Averagel . Average
. Collected/ Concentration (ppm) concentration Ratio of concentration
Color Kind of shop Mo of each color—| color-based
easured/ based category of total
Over 100ppm | Average| Median Min Max category (ppm)
White or clear
and colorless 1216/0/0 B B B B - 76.3%
Supermarket 29/5/5 6,460 | 6,400 | 5,900 | 7,300
Unknown 6/1/1 590 590 590 590
Brown [Food shop 1/1/1 1,300 | 1,300 | 1,300 | 1,300 2,600 8.6%
Food shop 1/1/1 1,700 | 1,700 | 1,700 | 1,700
X Other 37/20/0 <100 <100 <100 <100
Department store 32/9/2 413 <100 <100 3,500
Department store 14/2/1 410 410 <100 820
Food shop 1/1/1 260 260 260 260
Food shop 1/1/1 7,000 | 7,000 | 7,000 | 7,000
Book store 1/1/1 4,300 [ 4300 [ 4300 [ 4300
Grocery store 1/1/1 500 500 500 500 o
Green I3 cpartment store | 1/1/1 9.900 | 9.900 | 9.900 | 9.900 360 5%
Unknown 4/1/1 400 400 400 400
Unknown 2/1/1 500 500 500 500
Unknown 1/1/1 390 390 390 390
Unknown 1/1/1 300 300 300 300
¥ Other 65/26/0 | <100 | <100 | <100 | <100 310
Liguor shop 2/1/1 16,000 | 16,000 | 16,000 | 16,000
Unknown 1/1/1 720 720 720 720
Yellow |Grocery store 1/1/1 2,400 2,400 2,400 2,400 1,100 2.4%
Grocery store 1/1/1 620 620 620 620
X Other 28/22/0 <100 <100 <100 <100
Blue [ Other 32/23/0 <100 <100 <100 <100 0 1.8%
Unknown 1/1/1 410 410 410 410
Unknown 1/1/1 220 220 220 220 N
Red Unknown 1/1/1 310 310 310 310 . 1.4%
X Other 19/16/0 <100 <100 <100 <100
Book store 2/1/1 10,000 | 10,000 | 10,000 | 10,000
Grocery store 1/1/1 7,400 | 7,400 | 7,400 [ 7,400 .
Oranee I od shop 1/1/1 8,300 | 8300 | 8300 | 8300 4,000 1.0%
X Other 5/2/0 <100 <100 <100 <100
Clothing store 6/3/3 367 360 130 610
Other [Unknown 1/1/1 1,200 | 1,200 | 1,200 | 1,200 72 2.7%
X Other 40/28/0 <100 <100 <100 <100
Note: “3%Other means other shops which use bags without lead (<100ppm).

Lead concentration less than 100 ppm is assumed to be 0 ppm here.

— 503 —



TWb Il DL ORMEEERNY D 5. ZILE DA
TEEMEIZE T 2 EmMFHINE SR OMETH 5 205,

DEEHY10, 000ppm F — 57— D

—#
NEEGHETLAI L, LUK

[ZERDEH10~100 F A — ¥ =T ENL TR I &

IS
2/’( z

ol
REZHRE LTI SN A L TVEIC

HENDLE

. BERIE MBI Z A E TN L MEED ENIZT %

5@%@#%% L7zo BEENS LB AT AU

ZENS

SR\

Mol

17,000 k >~

19964F | ZBEEN i 7% 7>
EEEREED &I

TODOHT I —|

Table 6 Characteristics and lead concentration of plastic bags in 2007
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Average

Number of . Average
c . Collected/ Concentration (ppm) concentration concentration
olor Kind of shop M 4/ of each color— £ total
easure of tota
Over 100ppm i i based category (opm)
Averag | Median| Min Max (ppm)
White or clear and colorless 2.154/0/0 <100 <100 <100 <100 =
Supermarket 158/128/88 | 4,100 | 5,300 | <100 [ 9,200
Brown Supermarket 38/25/1 290 <100 <100 | 7,300 2,300
X Other 90/50/0 <100 | <100 | <100 | <100
Book store 7/1/3 1,900 [ <100 [ <100 [ 5,200
Food shop 5/5/1 520 <100 | <100 | 2,600
Green Grocery store 2/2/1 340 340 <100 690 200
Electronics retail stores 1/1/1 160 160 160 160
Hotel 1/1/1 8,600 | 8,600 | 8,600 | 8,600
X Other 110/83/0 <100 | <100 | <100 | <100
Book store 12/9/6 4,600 | 6,600 | <100 | 8,400
Grocery store 3/3/2 770 1,000 | <100 | 1,300
Liguor shop 2/2/2 24,000 | 24,000 | 23,000 | 25,000
Book store 1/1/1 10,000 | 10,000 | 10,000 | 10,000
Book store 1/1/1 560 560 560 560
Yellow Music store 1/1/1 7,300 | 7,300 | 7,300 | 7,300 1,900
Outlet store 1/1/1 3,300 | 3,300 | 3,300 | 3,300
Shoe shop 1/1/1 5,600 | 5,600 | 5,600 | 5,600
Shoe shop 1/1/1 2,200 | 2,200 | 2,200 | 2,200
Unknown 1/1/1 1,200 | 1,200 | 1,200 | 1,200
X Other 47/24/0 <100 | <100 | <100 | <100
Blue Unknown 1/1/1 490 490 490 490 59
X Other 93/78/0 <100 | <100 | <100 | <100
Drugstore 1/1/1 2400 | 2,400 | 2,400 | 2.400 310
Red Food shop 1/1/1 1,000 | 1,000 [ 1,000 [ 1,000 93
Music store 1/1/1 620 620 620 620
X Other 40/28/0 <100 | <100 | <100 | <100
Grocery store 4/3/1 2,800 | <100 | <100 | 8,400
Book store 3/3/3 8,000 | 8,400 | 7,000 | 8,700
Orange Rental shop 3/3/3 12,000 | 11,000 | 11,000 | 14,000 3.900
Food shop 1/1/1 10,000 | 10,000 | 10,000 | 10,000 '
Music store 1/1/1 4,000 | 4,000 | 4,000 | 4,000
X Other 15/12/0 <100 | <100 | <100 | <100
Beige Tax—free shop 1/1/1 180 180 180 180 53
X Other 33/21/0 <100 | <100 | <100 | <100 )
Drugstore 2/2/1 290 290 <100 570
Black Grocery store 1/1/1 240 240 240 240 60
Unknown 1/1/1 200 200 200 200
X Other 16/16/0 <100 | <100 | <100 | <100
Gray Supermarket 2/2/1 110 110 <100 220 85
X Other 24/20/0 <100 | <100 | <100 | <100 )
Purple Food shop 2/2/1 400 400 <100 790 100
X Other 6/6/0 <100 | <100 | <100 | <100
Silver X Other 14/14/0 <100 | <100 | <100 | <100 0
Amusement park 1/1/1 2,700 | 2,700 | 2,700 | 2,700
Other ¥ Other 1/1/0 <100 | <100 | <100 | <100 1400

Note: “

Lead concentration less than 100 ppm is assumed to be 0 ppm here.
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3¢Other” means other shops which use bags without lead (<100ppm).
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Table 7 Distribution of average lead concentration
of plastic shopping bags

Average lead

concentration | 2006| 2007

(ppm)
-100f 127] 163
101-1,000 15 15
1,001-2,000 3 2
2,001-3,000 1 4
3,001-4,000 0 2
4,001-5,000 1 2
5,001-6,000 0 1
6,001-7,000 2 0
7,001-8,000 1 2
8,001-9,000 1 1
9,001-10,000 2 2
10,001— 1 2
Total 154 196

Table 8 Estimation of lead in chrome vyellow

B Vol.19, No.4 [2009]

OEFIEREORMEL - T,

FAERIZ, BEOL VROPTRL S AILE
N7z, DA —78—0 L VO EIEE 20064 5
T ON20074F T2 L2116, 460ppm, 4, 100ppm & Fi &%
ZEEERFL T2 EIZH D (Tables, 6)o 1D
¥R (310ppm) ICBUT L DL VEEDOFGEIZT0%
(20064E %) B X 1%68% (20074E1%) LIREIZKE -
720 O LI ITHNTE K FIH SN D SESI AR O
EEALTWZ EEREETIE, SEEE L 7284~
110t/year & \» 9 Ffif i L8 AFEM L T2 REMED $ 5.

7B, 200641 & 20074E EEOFAE O MIZIE, 20064 £
AL TERAT100ppm L EMH SN2 L VSR L Tw
TeARZEO—TI LT, R U2 i o |
WHREO T T 52, #EME RIS U222
TIZHY, LIBIBNTHERER LT LML
BN RS WbIT TR L, VAT ANF T Y L%
BT/ (VRA) 7TVRER G ENORBELEZ SN
%22 P2 20074 BE O A OB VLT AR 2R S
N8tz eofb R o, —7,
20074 BE AR IS B CFE SR E ol AER S o g
mozi K E LT, mil L7z, F5908ROKEL-7
FODA—= =D L VEOBEBAPHEL Y DRV E
MolzZ ENBEFSN (Table5, 6), 5 BAZHR

WEP O R EEH
ZD

HBLENDHDLEER BN,
4, #EER

KIFFEICBWTIZXRFICE D, LIYRICETINLEH

Table 9 Estimation of lead weight (Ww) in

with statistical surveys'* plastic shopping bags in Kyoto city
— Sthar — 2003 | 2004 | 2005 | 2006 | 2007 a b c=a*b/1000
omestic ipmen — .
(Except for import) 2947 2584| 2404] x| x v Weight C°”°§|”tr3t'°” Wpy,
Import (Pb—t) 1.844] 2.156] 2.287] 2.472] 2271 ear of lea _
Export (Pb—t) 1.263] 1.119] 775|634 933 (t/year) (g/t) (ke-Pb/year)
2006 | 4,230 310 1,300
2007 3,170 310 980

Table 10 Contribution of lead in plastic shopping bags to total Municipal Solid Waste

21-23)

Literature—based
Total lead _—
) Total lead . . Contribution of
Concentration of in MSW amount in plastic lastic sh ine b
lead in MSW Author amount in shopping bags plastic shopping bags
(g/t) (t/year) (t/year) ()
- Nakanishi et a/2” 17,000 0.49-0.64
300 Watanabe et a/??| 11,000-12,000 84-110 0.76-0.92
120 Nakamura et 22| 4,600-4,800 1.8-2.3

3MSW means Municipal Solid Waste.
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