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« PCDDs (PolyChlorinated Dibonzo-P-Dioxins) include 75 congeners,

only 7 are toxic. o !

8 O 2

7 3
cL, © 4oL,

(a) PCDDs

« PCDFs (PolyChlorinated DibenzoFurans) include 135 congeners, only
10 are toxic.

(b) PCDFs



Back Ground

PCDD/Fs:
Banned by Stockholm Convention in 2004

Formed as unintentional by-products

Emission from the incineration of municipal solid wastes and as a
byproduct of certain industrial processes has been studied for

over 30 years

Considerable attention was given to e-waste POPs emission

20-50 million metric tons of e-wastes are produced worldwide
each year, of which 70% is exported to China for recycling

Taizhou, largest waste metal recycling site in China

75% of the e-wastes produced in the United States have been
exported to Southern China. In addition, China discards about 4

million computers annually




Main Source Categories for PCDD/Fs

90% (Qiang etc., 2008)

Waste Incineration
» Disposal/Landfill

: . * Open Burning Processes
» Forest fire & Volcanic * Ferrous and Non-Ferrous Metal

eruption (Nestrick etc., Production

1982; Sheffield etc., Production and Use of Chemicals
1985) and Consumer Goods

 Heat and Power Generation
* Mineral Products

Transport

e Miscellaneous

UNEP, 2005
I —



Five Main E-waste recycling sites in China

Huanghua, Hebei

ongtang. Guangdons Taizhou, Zhejiang.
Dali, Guangdong Guiyu, Guangdong.

Taizhou and Guiyu are the largest two E-waste sites in the world.



Plastic



Keyboards and mouses from
USA, Europe and Japan

Electric wires and computer cases



Loads of plastic and metal taken from
the E-waste pilled in the yard

Local woman using oven to roast metal
out of circuit board. The fan is used to
blow away the toxic smog.












For the polluted water from the E-waste
recycling was directly poured into the
river, most of the groundwater are now
unable to drink.

People have to buy drink water from
30km away from there home every a

few days
]



« Headache, respiratory diseases and
renal calculus are common in Taizhou.

e Data from the local public health
bureau shows that 80% of the children
from the most polluted village are
suffering respiratory diseases, 5 of
them was diagnosed with blood
cancer.

« A docter from a gynecology department said that some of the
woman who are engaged in E-waste recycling have a weird
colure of invisible green of their amniotic fluid. A child with
black skin was given birth a few years ago, and died in several
hours.



Study Area Overview

Comprehensive industrial park:
1.Taizhou Waste Incineration Station
(National key environmental
protection practical technology
demonstration project)

2.Largest Electric Plant in Taizhou

district

3.Largest Chemical Industry Park in Location: 28 N,122 E
Taizhou district Climate:Subtropical
4.Largest Metal Recycling Factory in - monsoon

the world Resource: Rich in fishery

5.Second largest E-waste Dumping
Place in the world

6.Second largest E-waste burning
Place in the world

Try to find out the differences between
these 6 typical functional areas
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Red shrimp
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Tree leaves, TongVillage
Grass leaves, Tong Village

Potato leaves, HengVillage
Grass leaves, Huang Village (Aode
Metal Recycle Factory)

Sample Collection
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Tree leaves, Waste incineration
station
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Sample

Extraction

Cleaning up

Separation

Measuring

Method

Soxhlet Developed from U.S. EPA
extraction Method 1613,

ASE Be able to separate PCDD/Fs,
Microwave PBDD/FS, PBDES, PCBS in one

i single process.

Complex
Silicon Gel

AgNO3
Silicon Gel

GPC(Gel Permeation Chromatography)

Acid-base alumina, Florisil, Activated carbon

HPLC
El (Electron impact source)
LRMS
NCI (Negative chemical ionization)
HRMS Double focusing magnetic mass

spectrometer

ECD (Electron capture detector), Conductivity detector,
Atomic emission monitor 21
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Concentration of PCDD/Fs in Soll, Plant & Bio Samples

Concentration 134.68-11272.59 260.86-3292.50 3.18-2447.58
range(pg/g)
TEQ range(pg / 1.81-973.91 26.11-369.12 0.06-4.04

9)
The Background level of PCDD/Fs in East China ranges from 0.017-5.04
pg/g, with an average of 0.967+1.361pg/g. (Liu, 2009)

Agricultural soils from six cities in China contained low levels (3.44-33.8
pg/g dry wt) of total PCDD/Fs. (Kannan, 2008)




TEQ (pg TEQ/9)

Incineration

is the main
source for
PCDD/Fs
o
o
B 1 PCDF
® {4PCDFs - s
S PCDDs R MPCDDs
o
- []
ZW1 w2 ZW3 W4 ZW5 W6 W7

TRI TR2 TR3 TR4 TR5 TR6 TR7 TR9 TR10 TRI1
B JAPCDFs 7.06 1.13 5.56 4.86 7.1 15.63150.9219.8837.25 11
&PCDDs 0.26 0.68 2.02 6.14 3 3.72 37.64 4.25 2.58 3.1

B JPCDFs 25.77 81.4 37.52 61.56 306.81 20.92 60.57
&PCDDs 14.51 23.54 13.79 29.31 62.31 5.2 10.8

Soil: Plants:

E-waste burning Place> E-waste Chemical Industry Plant> Metal
Dumping Place > Electric Plant > Recycling Factory>E-waste burning
Waste Incineration Station > Metal Place~E-waste Dumping Place >
Recycling Factory > Chemical Industry Electric Plant

Plant

Follow Different Concentration order
When trying to evaluate the pollution of a certain area we have to choose carefully

about the samples
2]



g I B {PCDFs
: M PCDDs
o
g i
(@4
- - | i
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[ - L
PN SN . . —I1H - . . R

B PCDFs 0.036 0.29 0.74 0.54 0.2 2.41 0.99 1.37 1.24 0.074 0.058 0.24 1.41
SPCDDs  0.06  0.62  0.096 0.4 0.0061 1.63 1.47 2.35 0.71 0.0061 0.0021 0.13 0.76

Bio Samples:
Much lower than in soil and plants, razor fish contain the highest level
followed by carbs and clams, and the squid contain the lowest out of the

11 samples.

The high level of shellfish may be owing to their fat content and
offshore aquaculture.



Distribute Pattern

Soil:

For most sites, OCDD is the highest.
Probably owing to photo degradation and
bio-degradtion (Schreiner, 1997; Wu,
2005), and also the use of
Pentachlorophenol and PCP-Na (Baker,
2000)

For TR7-9(E-waste burning Place):
1234678-HpCDF, 12346789-OCDF are the
highest congeners.

Total PCDFs exceed Total PCDDs(besides
OCDD), means Burning characteristic.
(Ren, 2006)

E-waste burning Place



Distribute Pattern

Plants:
No significant differences between each
congeners,

Most of the Tetra-, Panta- CDD/Fs
comes from Atmospheric dry deposition
(Welsch, 1995)



Distribute Pattern

Bio Samples:
For most sites, OCDD is the highest.

Comparing to meat, the internal organs
has a higher proportion of PCDFs.
Probably owing to a higher lipotropism for
a higher chlorinated congener.
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E-waste burning Place (Burning characteristic)
E-waste Dumping & Metal Recycling

Factory (E-waste disposal)

Chem Plant, Electric Plant, Incineration Station

(No obvious characteristic)
2]

Similar distribution:
Toxicity Equivalency Factors
makes them equal



Concentration

TEQ

The soil and plant sample from the same site do
not have the same distribution pattern

234678-HeCDF are much higher in plants than
In soil samples
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Summary

O Gotthe level ranges of PCDD/Fs in Taizhou area.

Concentration 134.68-11272.59 260.86-3292.50 3.18-2447.58
range(pg/g)
TEQ range(pg /9) 1.81-973.91 26.11-369.12 0.06-4.04

O Compared the differences between the 6 functional areas in China’s
second largest E-waste recycling site. The concentration of PCDD/Fs
in the soil and plants taken from the same site do not follow the same
order.

O And the distribution pattern in E-waste burning Place has a clear
burning characteristic, while E-waste Dumping & Metal Recycling
Factory sites share the same characteristic of E-waste disposal, and
Chem Plant, Electric Plant, Incineration Station have no obvious
characteristic different from the other 3 sites.

O The soil and plant samples from the same site do not have the same
distribution pattern



ASE

<

According to the eating habits given Al i
by the local bureau the I
Ingestion exposure level of PCDD/ Complex Silicon
Fs was calculated as 0.81pg WHO- JT
TEQ/(kg bw day), lower than WHO | ALO; Silicon Gel |
tolerable daily intake (TDI)(1-4pg épi
WHO-TEQ/(kg bw day)), and can JT
not be considered as JP————
a significant risk . U

Developed from U.S. EPA Method I I
1613, being able to separate

PCDD/Fs&Co-PCBs PBDD/Fs&PBDEs
PCDD/Fs, PBDD/Fs, PBDEs, PCBs M
in one single process. {}
Activated carbon Activated carbon

PCDD/Fs Co-PCBs PCDD/Fs || PBDEs




Thanks for your
attention!

PR !




ZE AR X

TSR e )
A YN
i R A




o LNZAIET2004 5 H17 HI1F=UAE%, J1 712004 411
H11 HEPEAER . 4 GhEEf/REAZ) e s
A BV R AR POPsE 12 B, S EF]. Tk
A2 ARG A 2 B P =2, 20 TR Tk
(PCDDs) . 25X 7RI (PCDFs) LLAZ &
PR (PCBs) #7EE HE A 2075 B BRI #H rPOPS
Y, JEFTEIPCBs SRR, BL12 FpFii 4 i)
PCBs &M, EA55PCDD/Fs AHALLKIAL 241 i fi
TR, BEPRAIE R HPCBs (dioxin-like PCBs, LLF
fiFx dl-PCBs)




PCDD/FsflidI-PCRsIN BT
KA

LR
Ak Pcllzlz DI o

dI-PCBs
&5 KAk



PCDD/Fs/iAifsiz\
= 4 5

o Li%E (2008) : A2 I i 2 o MKAREE (2004) - T PUWITAA
JZUTA Y PCDD/Fs 1 PCDD/Fs
o TakashiZ: (2008) : HAALIETT60
A7 BESE L AN B, - PCDD/FsAdI- o HEE (2006) : J MM KSR
PCBs TF UL AR I H 3 e A ik
 HyokeunZs: (2009) : TiBURY
Beds TN ML S H [\ PCDD/Fs A o REELL (2006) @ ASFEIFEREAEWY
dI-PCBs [JPCDD/Fs4y i i1 45 SURFAE
. g%u*%;a%%o%) . BVE—FESE R P 4R
BRI o LiyZt . | £5 o AR
« C. Munschy%s (2008) : yLEfiix %&E%q%%ogsmpfﬁfm_p%%: i
i 12k PCDD/Fs
e Ingrid% (2008) : = AHMHYE 2
*J= 1P PCDD/Fs






DA BT R A SCHR T

v
eI, &

i S T RE Ty %
v
S SoH % 7
Jivk
v
o T
v v
SRR TR AT I SCRRATE
v \ 4 v v
AR EAOKCEE MBI
e fi FUEHE L1 S



B R AR

o

RE B o

%‘\ ?Ij\"‘l-‘lit

ot

HIFEm&k e
>
v

Je U o
% 2 L AEBAE L

W4

v
BERZE (gL

Wi

v
P e—RE i A

v

Wedis | 4

<
v

AWERE20u L

)

v
HRGC-HRMS{l it

v

S T

IMAEALER

IMATES PR



QA/QC

Al ¥

WA

»

<]

A
7

2

H

KA T-RRFcsAAH X

WA

»

I

I

K

/

o FHXY

RRFrs

mZW3(1)57ZwW3(2)

M TR6(1) 55 TR6(2)

W SW6E(1) fswe(2)

30%

M 550
o 2%

1B 20%

Z=

15%

74z

X 10%

$3/000d Y
540047
SQQJd Y

54000

$400dH

S400XH

540024

s400aL

50020

SQQ2dH
SAQJXH
500294
5QaJeL
000-68L9¥€CT
100dH-68L1ETT
J0)dH-8/9vETT
JAIXH-BLIPET
JAIXH-68LETT
JADXH-BLIELT
JAXH-BLYETT
10094-8L¥ET
10094-8LETT
10091-8L€7
QQJ0-68L9V€TT
A00dH-8£9¥ECT
QQXH-68LETT
QOOXH-8L9€ETT
QQIXH-8LPELT
1009d-8LETT
QQXRLBLET

54.47%—104.35%

iEs

AR




Cnnrantratinn nf D(_‘_nﬁl.l:c,gir:‘( Qn”, Plant&Bio Samples

% o M X e FE 765 13 A

SEE R — R = ;: 50

+

. 0.017—5.04 0.967+1.361  LiuJinsonz % . 2009 . T i/‘j“&}#
i T~ EEpmx . 2000 o | EE ok A WS A Uk BT

VLT H R B 55 _Juh Jou %, 2007a
£ 7 B 2.827~11.32 C:;s:)s(g J'm‘;'l:zdo;. > 7J(%Z: 13468—1127259p9/
% 3 P P AR R '7- ' Gon Ok %%, 1999
i ~"IIJLI', 391--301.88 # .Ol:h Y€, 2008 g ’ 260.86_3292-50pg/g )
1..@%::’”}‘«;& Zz_-:f' 1.17-61.16 10.16 WA AW, 2008 3. 18—244758p9/ 9.

RiiT . .y
w9 . o Hzao:b:k '1.3.1324
H/REHEIREE 24—~120 004473 woubek S
M o M. D == 4 B _
- #) :v.-fli ehe 16260 005615 Stefano %, 2004 Y ilzi/)j'ri é H e 181
(HL;I:,}— Cak 150 22 Wu %, 2001 97391p9 TEQ/g’ 26.11—
S 4 o _
™ ot s 2684 3.99 AT, 2006 369. 12 pg TEQ/g 4 0'06
::w 9725 15.11 4.04 Pg TE(Q/gO

o ,.-,ar,:-;::f;': 1272919 463 Jin-Tuh Jou %, 2007b | . N .
A s Agricultural soils from six cities in
RIS A 0 0.05~1.09 WRER. 29 China contained low levels

R & AR (3_ 44-33.8 pg/g dry Wt) of total

[S’CC? ;f ft 24 8~ 182 Yoko Kajwara %, 2007 PCDD/FS

1K -6~53 i o : . -
HEHATSE 1914 € Mueey 298 Environ. Sci. Technol. 2008, 42

55 32

......

— gosp.g259



23478-PeCDFHI
12378-PeCDDiA

BRIRK



e N A B AN VR AT AT B P b Z5 R AR AL, AR A
M A ——FE0 AR BERAFE (R T A )
MEWS S BR T ARAE TR R AR AR AL BN, AP AR 2 WL 7 B A



el

b

TIE. HY). £

bt

-

1 d1-PCBs




A% %% & 1) . IR -1 RREFCs FIAE XS [A] e 3 ) v R
+RRFrs

. *—mﬁé

25%

W TR6(1) 5 TR6E(2)

W ZW3(1) 5 ZW3(2)

20%

15%

10% -

SEESMHE LS

5%

0%

JE Llﬁcﬁ? 7%: 45.5%—108.2%
o A




1. Y. 4Phdl-PCBs 5 4K -

o 1 36 A

Cs TEQ Cs TEQ

] 5 i i X

K
REPEIHAERE 231659

BoAEBEN  ~ cwme w LIRS MY AT AI-PCBsHY
780} 19100.30 i@/&§7kﬂz . 222 00—

iy e 0.72~18 0.37 A%, 2006

VS - 30 0.112~1.04 0366  Jin-JuhJou %, 2007a 158215.44pg/g, 2159.78—
s S 53 Meijer %, 2003 48357.82pg/g, 18.00—2937.8pg/

98
TR B
jay J.vl;l J(I ]’.v",‘\ _;‘I'xl
AR D

PCB /| ,._ X JE 6.6—442 ) Luigt %, 2007 qzi/}jll‘i %E: 020_27875pg
CHEMNAR ST5 45~ * TEQ/g, 2.54—74.16 pg TEQ/g,

ity 8193 S 0.019—2.56 pg TEQ/Q.

..', |‘. .' _:,_',I‘ .J.\ , 43 , | )
SN 0.236~1.75 0.605 Jin-Tuh Jou %, 2007b
i B R .I-:.'J

0.49-26 10 Minh %, 2003 g °©

:'k,*'».:fl'l:".',:l_'{”.:f’- 0.02~0.80 -
CEREKE R wh L 1E%%, 2006
80%) o
v 0.38~0.92 e
T s 1.04-2.07 UREFFS, 2007

8430~

R oo - R




TEQ (pg TEQ/g)
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