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¥ 1 PCDDsFIPCDFsH REK

¥ 2 FEHHKPCDDsFIPCDFs

SRR HEKE .
Table 1 Isomeric number of PCDDs Table 2 The most toxic PCDD
and PCDFs and PCDF isomers
SRF% | PCODs##H% | PCDF ik PCDD [ PCDF
1 2 4 2,3,7,8-TCDD 2,3,7,8-TCDF
2 10 16 1,2,3,7,8-PsCDD 1,2,3,7,8-PsCDF
3 14 28 2,3,4,7,8-PsCDF
4 22 38 1,2,3,7,8,9-H,CDD 1,2,3,7,8,0-H,CDF
5 14 28 1,2,3,6,7,8-H,CDD 1,2,3,6,7,8-H(CDF
6 10 16 1,2,3,4,7,8-H,CDD 1,2,3,4,7,8-HsCDF
7 2 4 2,3,4,6,7,8-H«CDF
8 1 1 19293;4;6v7;8'H7CDD 1,2,3,4,5,7,8'H1CDF
-8 323 75 135 1,2,3,4,7,8,8-H,CDF
¥ 3 T.CDD{EARF/NRA ISR
Table 3 Teratology stdudies with TCDD in mice and rats
o o® % | K E £ R | AE Ge/ko "R
CD-1 BH, BEEE
DBA/2] BR, BE%E 1, 3 6—15
A CsTB/el By, EEE
NMRI B3, 3/9 6—16, 6—13
5 CB;TBL/s By, BRE 1, 3 10, 10—13
CF-1 B3, L 3 6—16
NMRI mR, i 26 10—13
CsTBL BH, i 25 11—13
" Spr. Dawley ¥ 4 ! 0.125—8 6—15
CD & B : 0.5 6—15
B Wister W R # [ 0.25—16 6—15
¥ 4 PCDD L&MW EYTIRERMRZEEN
Table 4 Mutagenicity cf dioxin-compounds in salmonella
weaw | E R K B & | £ KR B W A&
DD ‘ — l TA1s35, TAtoo, TA1537, TA1538
TCDD | TA1532 ! TA1530
TCDD , TA1532, (TA1s31, TA15'34?) : G4s, TA1530
TCDD 1 — ! TA1535, TA1538
1‘ TAses, TA1o00, TA1530, TA1535, TA1975, Gu4s,
TCDD | - .
| TA1s32, TA1537, TA1s38, TBi1ss0, TA1978
TCDD [ —_ TA1535, TA1537, TA1538, TA9es, TA100

OCDD

(TA1532, TA15347)

Gas, TA1530, TA1531
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Table 5 Carcinogenicity of TCDD in 1ats and mice

# % R (ug/kgd) | R R
Spraque 0.1 Trompm, SRR, BF, A84R,
* ‘ 0.01 Bt Gn &
Dawley (m,f) 0.001 | RILEMEAHM
Osborne 0.071 TrampasE, R, #l8l, ETHER
B 0.007 R BRR R gE .,
Mendel (m, ) 0.0014 B 9 R L
Swiss/H/Riop 1.0 BB R RERLE M, HE4EIK
0.1 Y 0 B 58 & % R
a | ™ 0.001 B BRI R L
i 0.29 FrapmaREEm, PR BTLERE
m 0.071 B 40 B 588 % R 0 m
& BeCaF1 f i 0.029 MR ERER LM
m 0.007 B & 0 Sk L in
f 0.006 T 98 2 9% o 5 L 38
m 0.0015 Bl &R R m
2 - % 6 AWzhihEmT . CDDRH
18] )
. Karasek FARBT AMY T .CDFFTE
#mT , CDODRT , CDFI# o] IR (F£6). Table 6 Suggested permissable levels of
% 7 J5 % 8 PCDDs f1 PCDFs iy LD, TCDDs and TCDFs for anima’
[ ﬁﬁéPCDDS o PCDFs ﬁﬁ]%ﬁ’] and humafl NOELs
i " ¥ NoEL-#1% [ 2 B A
XA L 8 . MRS LR i, 3L (/i) | Cos/sokeed)
ARURRHERNECIRRFRIGE D0 . .
. EhEHEARERREREEED, EEER 1 100
2,3,7,8-FUR XA R MR L H B E R 100 10 000
AT 5 # B B 10043, il : :

% 7 3EEPCDDAPCDFMLDs,
Table 7 Comparative single oral dose LDso values for scme PCDDs and PCDFs

sk | K R| P R | X R ® WK E BR[| A BR[| xR
PCDD, 2,8-f >3x106 847 x 100 >5x% 106 1,2,4,6,7,8- 72.5 825 —_
1,3,7- — >15x 106 >5 %106 1,2,3,7,8,9-| 60—100 > 1440 —
2,3,7-| 29,444 >3,000 >1x 106 1,2,3,4,6,7,8-| >600 — —
2,3,7,8-| 0.6—2 114—284 22—45 | 1,2,3,4,6,7,8,9- - >4x106 | >1x10%
1,2,3,4- — >1x106 || PCDF, 2,8~ — >15x 106 | >15x 106
1,3,6,8-| >15x106 |>2,897,000 | >107 2,4,8- — >15% 106 | >5x106
1,2,3,7,8- 3.1 337.5 — 2,3,7,8-| 5—10 26000 >1000
1,2,4,7,8-) 1,125 >5,000 — 2,3,4,7,8- <10 - —_
1,2,3,6,7,8- 70—100 1250 —_ 2,3,6,7,8-] >120 —_ -

2, PCDDsfIPCDFsiy3k &
2.1 fh¥HE R
EFRERBRER . Al JEML FJWE (PCBs) & 7=rh, PCDDsfnPCDFs{EJ L
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% 8 PCDDsHIPCDFsHEM LM T (TEFs)
Table 8 Toxicily Equivalent Factors(TEFs) for CDD and CDF

PCDD | TEF ] PCDF TEF
MCDD 0 MCDF 0
DiCDD 0 DiCDF 0
TrCDD 0 TrCDF 0

2,3,7,8-TCDD 1 2,3,7,8-TCDF 0,1
HETCDD 0,1 HETCDF 0,001
2,3,7,8-PsCDD 0,5 2,3,7,8-PsCDF 0,01
X PsCDD 0,005 M EP;CDF 0,001
2,3,7,8-H,CDD 0,04 2,3,7,8-HsCDF 0,01

H & H DD 0,0004 HE HsCDF 0,0001
2,3,7,8-H,CDD 0,001 2,3,7,8-H;CDF 0,001
#& H,CDD 0,0001 & H,CDF 0,00001
OCDD 0 OCDF 0

RERBEE B, XS AOEBIENRE, A, XEAEHKA
e, RFEE—ERLEEFY, PCDDsfnPCDFsi & B &,

(LERBRBEN  2,4,5-T M2,4-D REZATHRROEHABRBEN. 2,4,5-T
MW R, BB TR A H0.02—5208/8/92,3,7,8-T,CDD Rthtk, REH
4+3,7,8-TCODE# L7 2,4,5- T I, BMK2,4,5-TA=Hh, FE=H
»3 ,7,8-TCDD i & i B3k 100pg/g, XTI RE 54 I BRI IRE A X, HET,2,4,5-Tf=
Simh2,3,7,8- TCDDR & B4 4760, 108/8EF, BuserfiRappefsr % H,2,3,7,8-
TCDD}: 2,4,5-T 7= 5 thiy ZBERRNT.

(2)& % PCDDsfiPCDFs & #HliE S RMEI =Y. HMASERLK, H#K
7T e EF L A RHB A AR I JEM, B X A MR R B .
AR EER RN EEEARAXNHRMX FFE R, Helderfn Seinen '*! #5
1, —ARPCDDsHRIFREEM & HATEY, BEEBMKAT LR % 3%, Hagermai-
or 101 AT T MEFE R B A, Hp2,3,7,8-TCDD iy & 2% F Ing/g, 2
OCDDy & B EE R 18/keg. 729 5 HipuF RIE WL E B (PCP) Fn 5L 5% #1 (PCP-Na)
2 ;1 th, PCDDsfPCDFsky4M 4558 10,

(3)% 5% (PCBs) PCBsJ&/™iZ f JHRYA lW i, B AfEh B Es Ay
SLhE B R, i AT NA. MBH. HBEFREBEFE, Vos 1970 4 £ KK
#PCBs7= i th(Phenclor De_,Clophen A o) HIR¥: W 4PCDFs, 3% 3 PCBs p#
#: 5PCDFsiy & B 36, 19754EBow 121 il 7 7 % [€ % 5Bk (Aroclor £3%)#1 Clo-
phen A,,, Phenoclor D;_,hyPCDFs, #tPCDFs Pl ppm H#ALE., HEBRE AXS
KRREPCBs/ Rk7 iz, % IPCDFs ik B A1 540 ki L ki PCBs 1 X8 5 R EH
B, Hrh2,3,7,8-TCDF it :zis#yik, 3 EH PCDFs iy & gH PCBs {46 Ay
fn. F10% T —2ePCBsj= it thPCDFsK & &,

CAMEZERY AP HE R, AR REMREN, Mk, PCBs £/
spE 3y, HhPCDDsfPCDFshy & & # &5, Hagenrain % S NfE4T B WK &
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3 9 PCDDs¥IPCDFs#EPCP, PCP-Nathiiy4 B (mg/kg)
Teble 9 Levels of PCDDs and PCDFs in commercial PCP and PCP-Na

PCP I PCP-Na
LR I Sl A
witophen P ‘ phone poulene “ Dowicide G preventol PN
2,3,7,8-TCDD < 0.00003 < 0.00005 | 0.00023 0.00051
T.CDD 0.0019 0.0004 0.027 0.052
PsCDD 0.0085 0.0152 0.213 0.031
H¢CDD 1.7 3.3 3.9 0.23
H,;CDD 154 188 18.5 5.8
OCDD 733 790 : 41.8 32.4
2,3,7,8-TCDF < 0.0001 < 0.0001 0.0018 0.00079
T.CDF 0.0008 0.0004 0.082 0.012
P;CDF 0.141 0.343 0.137 0.027
HCDF 4.3 13.9 3.0 0.09
H,CDF 74 127 13.2 0.86
OCDF 118 137 37.2 425
®£10 PCBsHPCDFsHI& 1R (ug/g) [12:13)
Teble 10 Levels of PCDFs in commercial PCBs

B 5 | a0 | sa | e | i | s AR

KC-300 4,39 1.61 1.07 \ 0.301 0.172 7.54

KC-400 18.8 5.42 1.32 i 0.273 0.2 26.0

KC-500 1.49 2.79 2.12 ! 0.637 0.163 7.2

KC-s00 0.557 0.857 1.03 1.08 1.88 5.41

AR-1242 0.489 0.087 0.021 — <£0.01 0.598

AR-1248 2.56 1.09 0.075 | —_ <0.016 3.73

AR-1254 0.659 2.0 1.28 | 0.273 <0.022 4.22

AR-1260 0.502 1.12 1.88 1.98 2.02 7.50

Clophen Aso 1.4 5.0 2.2 — — 8.4

Phenoclor Dp-8 0.7 10.0 2.9 —_ — 13.6

i, wt&BPCDDsf1 PCDFs LIE 4 &BHFE. 45 U0 A SHF AT EEN, &0
PCDDs#1 PCDFs §B7E10% Ly, HABZBLRTER., BT X8EFYREDEAL
M, HAIREERR AR,

(5) HETY XERENEXRLIMNH N, EEK PCDDs fn PCDFs j5348, %
H., W, BASZENB¥%ENBIEEX—K3. FwxEESd, 2,3,7,8-TCDDR &
BA%E, WEMNPPPREHE I prb, MAEHEKS, 2,3,7,8-TCDD 48 % F ppbit
Zpps, Hthy$52,3,7,8-TCDFE/H>EOCDD, #H1R/D % M 2 CDDsf1CDFs,

2,2 MEEd 2

WA TS0 FER I 2 R DR 58 RN & IR BB B8 & P b 2
PCDDs #1 PCDFs, 19774EOlie 1181 % A Bk iRk # T 7 Netherlands 3 T Xk R I
PCDDsfnPCDFs{k & #y. Buser "' 7 B 45 T3k T CRFI RN T 6k, £ LT PCDDs
fiPCDFsft &4, 19784EDow Chemical Company (%} % % {1135 HHPCDDs, #55|1
2,3,7,8-TCODREAAER., BEREEFREIEDIEENE =Y Y, Olieg Hhig

Ir
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THEEBEEAMRBER 0.30g/8 i PCDDs, k&8RRG BREBE K 0.2
ng/g PCDDs, B, KRB EHEMERARTHEE N PCODsKBERE. 5
4, EZERFEKRE, PCOFsfnPCDDsiELGI AR, *FH, AEHR, PCDFs%
BHPCDDsE 4 BEER, EMTE. AFKBR, WREEFHEK.

19814¢ 2 H Binghamtonjp AR —5 Kk 5B EERSRE, RillkREXRIHG
WIMERK, &IPCDFsHs Rigik2000ug/s, HrhmmdikRmike,s,7,8-TCDF, 1,2,
3,7,8-P,CDF, 2,3,4,7,8-P,CDF, 1,2,3,4,7,8-H,CDF, 1,2,3,6,7,8-H,CDF) £
FERG., B, BERAT-RIIEHHEN PCDDs k& Y, XREHEESEH
PCBsfiE ¥z, MPCBs 2 =4 PCDFsRBEERIE,

K EPCDDsfiPCDFsfis e 8, FEXRFETFPCPREMAILMNFIE, RELE™PCP
BEHSE AR IETM, 5% 15Ty K% % e, 2 hPCDDsfn
PCDFsi & B £575200—2000ppm, BI6E DIKE H1000ppmitH, SERERRRBX
10%g/a, WiEMERLENTEBRE?Y . AAERPHELEY, B&7F4E—%F
Bk, HhPCDDsfnPCDFsk M &%5510—30%, JAPCDDsf1 PCDFs &£
Bite, XeE IR AR BB, MRHBAFREZ S,

2.3 PCDDsfiPCDFsiy3R 07

By FPCDDsin PCDFsH ¥k SOBIBEROERE, ERTHAE T AT R. 5
PCBsfLL HIF BT AMFAERFER S, HENTRRESLH 2,3,7,8-TCDD X, HIE
BT AR REATS.

PCDDsfiPCDFs@ i 4. Kin13E44 FHEd., REPCDDs#IE K, B
BB T MRS EOBE . BTRKF#K, $PCDDsfi PCDFs{5# i1 3%
EFEROHMZBENESR, BART, #ATHMHIAE, PCDFsft PCODsu[ M £ %
W48, BEEHEERTEDREA.

(1)YKRSITHAIARE CzuciwafHites 21 44 T JL4 30 XK1 i fn i KR,
4 31 TPCDDsfiPCDFs ik &, H& & 585Kk iPCDDs#n PCDFs K& BAH{L,
B9 35 H s KR B R ST AR, B X BT IE A 8 R TE PCDDsfn PCDFsiy 2 Bk IR.

(2)+-ipssEs PCDDs# PCDFshiE RAWM A, BEFWRBE, RSN
R SRR AL EEE. BT PCDDs fn PCDFs 35 ZU B K £+ 3 F TR T
K, BAEBRATEK 22, AMAKAEHRUTSRZERLENRENTS.
PCDDs#f1 PCDFs7e + i BT HA A HAN RS, AIUEFIBRANY
)£, [APCDDsf1 PCDFsiy-- HE T, BTF2IeM. LR muURERS
HEREmTE a1k,

(3)EWBE —¥%id, PCDDs siPCDFsfER YRR RIKD, 197648 K47
A FISevesos:f£2,4,5- TEF ML T WRERHLUE, RUT AENER, &
M h 2,3,7,8-TCDD (4 & 50ug/8, —4EJG, HWHFEAR, ARKBER I 100
pg/giyPCDDs '+, Stalling#e W& R 1 & H R 2,3,7,8-TCDF, Mk daF
KEHXFHT. HE, ek R RWOCDEF, MikEhia A&IOCDE, Xk
B f f5i2,3,7,8-TCDFEA B RE 7,
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(4)E PCDDs7E 1 3B 2 i i ML = #1042, PCDDsfnPCDFs& )t
B EYEBE— M, SEBFT, HEH4ERE 1oem FENLE ey | ik
fERPCDDsfPCDFsi ki X gz, —HEAENES TIRmEER I, PCDDs
RO EEME, e Ek 2,3,7,8-TCDD S¢MRES, faw, FhA2h, (B PRER
th, RSB ERAE LMK B2, i H 5 IR B /D, 8K B2 8 B,
Young "4 & — PR isH, BERAENTCDDLA YA RIERM, RE, +EE R
BEERXT, £—RONAIN, £LABHHLFHTCDD, MillerfiHebert 129 i
5tOCDD¢f#j 4:2,3,7,8-TCDD A1{7 015 H, 7EiRith OCDD Xk fRE L E L 47
2,3,7,8- ML E b, HbHEE4KENEN 1,4,6,9-TCDD, el (& % | & X #
OCDD, ll|2,3,7,8-ER{HPCDDR = 25 43, 3F HOEIRER BE R IR (#£0.06—0,13mm),
Hit, &% OCDD REMRENFYE, BELXMERNEBYEFWENLEERRKWY.,

(5)zhtpf A Poiger 27§ A £ PCDFs £ AR AWK R HEB 2B, %
FAFRPNRIPCDFs, EEAFAMFEBIURERERN, MA—LHR PCDFs |
AEERN. HigH2,3,7,8-TCODE D HE R LR E L EL 28,

19684F, LATEHARMNEHEY, ETAZEEW, KEHPEEOSHZ=—K
HEARPCDYs, 18 MHE, MW A&, PCDFs B 44 4k % HEFMEK, X
B EEM S RSB PEE . B, BB TRAORBEEERE N,
3,7, FE BRI EMHE, Xtk PCDFs HilIER 218, 11 ERIERTE, BARA
R 5RO A R ERY 1,

FE R R R T K& M Agent Orange (2,4-D g1 2,4,5-T
LIREY), Hoh&aeppmel BT, CDD, ShepardfiYoung 2 ® % #8811 ) 6 A it
B RSB IR E A THE, A NIIE A8t E R T RS E/2,3,7,8-TCDD,
M InE R = ARl BRI BAEE, 7E—& Ak 1 PCDDs #1 PCDFs & &%
.1 —600ppt, HHOCDDK &BERME, MBI 2,3,7,8-FHEEEER S,

3./ 5

JLER, # %PCDDsfIPCDFs py#ifk, SKimshBET Jy 8y UF 5 B AHR Kb it
2,3,7,8-TCDD EH I AGRI SR, EHFHEMERVHNPIRERE B KK
B. ¥k, REESE#ES PCODsPCDFsiR bR IE i B4R 34y, T3
HE TN HhPCDDsfIPCDFsiy & B, MR FEF R hH L E. HibzF, PCDDs
fPCDFsH 3T AMAEE GRS, BXWENETE X0 dh i ERE N,

$ £ X K
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POLYCHLORINATED DIBENZO-p-DIOXINS AND
DIBENZOFURANS
——TOXICITY, SOURCE AND ENVIRONMENTAL FATE

Ding Xianglan, Bao Zhicheng

(Research Center for Eco-Envircnmental Sciences, Academia Sinica)

ABSTRACT

The toxicities, sources, transport and fate of PCDDs and PCDFs are
reviewed in the paper, First, the teratogenicity and carcinogenicity of
TCDD in mice and rats, mutagenicity of PCDD in Salmonella, and the
single oral LD,, values for some PCDDs and PCDFs in animals were
summarized, Two main sources of PCDDs and PCDFs, the combustion
processes especially the emission from incineration and automobile ex-
hausts,and the industrial processes including sludge from pulp and paper
industry which is found to be the most significant new industrial source,
were described, Finally, the transport and fate of PCDDs and PCDFs
including soil deposition and transport, atmospheric transport and fate,
bioaccumulation, biodegradation and photolysis were briefly discussed,



