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and CNP decreased to 3 1 and virtually zero percent, respectively, and that of atmospheric sources 

incrcased to 45"/.. Most of the dioxin impurities in herbicides were reported to be either non-

2,3,7,8-chlorine-substituted congeners or 2,3,7,8-chlorine-substituted congeners with low toxic 

equivalency factor (TEF) values. Especially in the case of CNP, the presence of toxic 2,3.7.8-

chlorine-substituted congeners has not been reported (Yamagishi et al. , 1981; Morita. 1991) 

Thus, the contributions of CNP to dioxin pollution in terms of TEQ have been believed to be 

negligible. Reports of dioxin impurities in Japanese agrochemicals, however, have been very 

linaited. For example, there have been no reports on Japanese PCP formulation. Here, we 

report the dioxin impurities in fifteen Japanese agrochemical samples obtained from farmers' 

bams. Using these new data, we present a revised estimation ofdioxin emissions in this country. 

It has been ofien said that dioxin pollution in Japan is more severe than in other developed 

countries. On the other hand, the concentration of dioxins and co-PCBs in Japanese mothers' 

milk in terms of I-TEQ is reported to be decreasing during the last twenty years (Ministry of 

Health and Welfare; 1998a). The real cause ofthese phenomena must be clarified to evaluate the 

current situation and to propose appropriate countermeasures. We are currently analyzing 

sediment cores sampled from the Japanese coast and lakes and will try to estimate the contribution 

of different dioxin sources in the past and present based on the composition of different dioxin 

congeners. We hope that these results together with time trend estimation presented here will 

provide a much ciearer view ofthe dioxin problem in this country as well as give some suggestions 

to other countries. 

2. Dioxin impurities in Japanese agrochemical formulatiohs 

Agrochemical samples were collected from bams in the Kanto area. Fifteen (six different 

active ingredients, all chlorinated aromatic compound) were analyzed. Dioxin impurities were 

detected in all samples at various concentrations (Table l). Results are as follows: 

PCP: Four sarnples of PCP were analyzed. The dates of validity on the labels showed that 

three of the four were estimated to be produced between 1964 and 1968 and coincided with the 

middle ofthe period when PCP was used extensively in Japan. The concentrations of PCDD/FS 

and I-TEQ varied by two orders ofmagnitude among samples. 

CNP: Five CNP samples were analyzed From the dates of validity, the dates of production 

were estimated to be between 1975 and 1986 The reported data on dioxins in CNP shows that 

all the 2,3,7,8-chlorine-substituted congeners were below detection limit (O I ppb) in these 

formulation (Morita, 1991), which corresponds to 1.4 ppb in active ingredients. In this study, 

however, 2,3,7,8-chlorine-substituted congeners were detected in all five samples, and TEQ 

ranged from 3 9 to 7, 100 ng I-TEQ/g, meaning that toxic congeners in CNP cannot be ignored 

Nitrophen (NIP): One sample of NlP was analyzed The 2,3,7,8-chlorine-substituted 

congeners were detected. To my knowledge, this is the first report oftoxic congeners in NlP 

Tetrachloro-iso-phthalonitrile (TPN): TPN has been used as fungicide The two samples 
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Fig. 2. Dioxin impurities and amount ofCNP used in Japan 

and PCB-containing wastes were order to be stored. Over twenty years ofstorage, some ofthem 

had bcen lost. PCB emission to the environment was estirnated under the following scenario: 

Twenty percent of the PCBS in electric appliances went into the waste stream ten years afier 

production and the remaining 800/Q Was stored. Thirty percent ofPCBs in heat exchangers went 

into the waste stream during ten years ofuse (30/0/year). The remaining 700/0 was stored atter ten 

years, Ninety percent of PCBS used in pressure sensitive papers went into waste stream in ten 

years and the remaining 100/0 was stored. Opsnly used PCBS were emitted to the environment 

100o/o during their ten years of use. The stored PCB waste was lost and went into the waste 

stream at a rate of 0.350/e/year based on the survey by Ministry ofHealth and Welfare (MHvo in 

1992 (Environment Agency, 1997). Those PCBS that went into the waste stream may have been 

bumed or discarded directly into the environment. Emission rates at this stage were assumed to 

be 100/.; this is just a rough estimate used in the report of Enviromlent Agency (EA) 

(Environment Agency, 1997), and no supporting data are available. The impurity factors for 

PCBS were calculated based on the reports by Wakimoto et al., 1988 and Takasuga et al., 1995. 

The calculated emission based on tbis scenario is showa in Fig. I and Table 2. 

The relative importance among chlorinated aromatic compounds as a dioxin source is 

evident, PCP and CNP by far are the major entission sources of PCDD/FS and TEQ. 

3. Rough estimate of dioxin emission from industrial processes 

In order to compare relative importance of chlorinated aromatic compounds as dioxin 

sources, a rough estimate of dioxin emission firom incineration sources has been attempted. 

Municipal solid waste indneration ~4;SIV7:,: Dioxin concentrations in flue gas ofMSWI 

facilities were recently measured nationwide (Ministry of Health and Welfare, 1998b). 
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Chemical 

PCP 

2,4,5-T 

NIP 

cNP 

2,4-D 

chlorome-

thoxynil 

MCP 

TPN 

PCNB 

PCB 

Table 2 

Period of 

produc 
-tion 

or use 

1955 -

(1974) 

1965 -

l 974 

1963 -

1982 

1965 * 

(1994) 

1950 -

now 

1973 -

(1996) 

1953 -

now 

1965 -

now 

1956-

(1996) 

1954 -

1 972 

Estimation ofdioxin emission from chlorinated organic compounds 

for the past 40 years in Japan 

Total 

production 

or use 
[ - 1995] 

(ton) 

1 75,700 3) 

1 60 3, 4) 

7,465 i) 

82,359 3) 

l I ,400 3) 

l 5,226 3) 

1 2,700 3) 

44>000 3) 

28*ooo 3) 

57,3 oO 2) 

Impurity factorl 

Arithmetic mean (Range) 

No ofdata 

PCDD/FS 

742 
(5,36-

l I ,700) 

n=33 

1~5 
(O I - 6 l) 

n= 8 

ll 6 

(l0.3 -

13 O) 

n=3 

2,2SO 

(213 -

8,920) 

n=1 1 

O 045 

(O O0050 -

0,124) 

n= 5 

2 Sl 

(0,53 - 6 3) 

n=3 

2.09 

n= l 

0~0 
(O 19 -

O 20) 

n=2 

No data 

available 

l0.8s) 

I-TEQ 
(ng TEQ/g) 

970 
(84 -

167,00) 

n=9 

2,3,7,8-

TCDD: 
l.040 

(N~) -

6,lOO) 

n=29 

1 53 

n= l 

1,690 

(3 9 * 

7,lOO) 

ll=5 

0,114 

CND-
o 827) 

n=10 

No data 

available 

2 03 

ll= 1 

O 41 

(O 39 -

O,44) 

n=2 

O 15 

PCDr : 
330 s] 

co-PCB: 
24,000 5) 

Estimated emission 

during the past 

40 ears 

PCDD/FS 
(kg) 

120,000 

a 20 

92 

200,000 
time trend 

estimation 

0,5] 

34,5 

26 

8g 

No 
estimation 

available 

50 

I-TEQ 
(g TEQ) 

470,000 

976 

12 

l 90,000 

time treud 

estimation 

~3 

No 
estimation 

available 

26 

18 

43 

PCDF: 
l,500 

co-PCB: 
l I 0,000 

Source of data 

on impurity factor 

This study 

Buser & Bosshard, 

Rappe et al, , 1 978a 

Rappe et a!,, 1 979 

Hamgenmaier & 
Brunner, 1987 

Sechter et a!., 1997 

J 976 

Rappe et al. , 1 978b 

Norstrom et al. 1979 

Smith ,~; Pearce. 1986 

This study 

Yamagishi et al., 1 981 

This study 

Yamagishi et al., 1 9gl 

Morita 1991 

Hanai, 1997 

This study 

Morita, 1 991 

Schecter et a/. 1997 

Schecter et a/, 199g 

Yamagishi et aL, 1 981 

Morita, 199] 

This study 

This study 

Environment Agency, 

1998 

Wakimoto et ai., 19S8 

Takasuga et a!., 1 995 

l Based on aetive ingredient. PCDD/FS: Total oftetra- to octa- ehlorinated PCDDS and PCDFs, 

2) Environment Ageney, 1 998 

3) Ministry of Agriculture, Foresty and Fisheries, 1 980-1 997. 

4)Uemuraetal, 1988 
5) Weighted average of Kanechlor 300, 400. 500 and 600 based on each production amount. 

I
 

- 6 -



- L -

eq A1;uJ su0~~~lnulJoJ ~:Od ul aOd-oo ulo~: ~9:1-1 ;13tp polou osle eq plnoqs 11 uo~ss~uJe 

ll3~01 elp Jo JTeq sl3 qonuJ: s~ elnqlJluoo A1~w Aoql 'AloAT;13/Vosuoo polEulllse eJ~ sJoI~Jou~ouT uJOJJ 

suolssTuJe sV 'polou eJ1~ I~J pul3 IAASV~:JO suollnqTJ~uoo '1eAeh,toq :sooJnos uo!ssluJe b211-1 sl3 

oleu,wop dN;) Pul3 dOd 'ATJ1;IFJJTS 'sooJnos JeHlo ul3Hl Je~JEI J~J ell3 'dND Pul; dOd AIle~oedso 

'spunoduloo oTleuJoJ13 pe~l3uJaollp Jo suoTlnqlJluoo ;13ql uT~Jeo sl 11 'ssl/G:(IOd Jo sune; ul 

uBdl3f ITI sJ1~eX O~ Is~d eql JOJ soomos ~uoJe~~:~p uJd~~: suolsslLue u~xolp 11;lol E '8ld 

8 e31 s ~ _ d/aood SH -~ ~ 
~ ~ . 

o c' . e e e e c' ' e 
IMl 

IMS,N 
(80d-oo)BOd 
(d/aGOd)80d 
BNOd 
Nd J~ 

dOW 
l!u,e(o~f}ewolqO 

G-V'Z 
dlN 
dNO 
dOd 

'E '~1J ul: pozlJ~uJums 

oLJ1? 9J9q pon)n~s saoJnos ulo~g: s!~eA O~ Ss:?d alp ~u}mp suo~ssFue ap(o~P re?o~ po~~uJ~Ss~I 

soo~nos u!xo!P $uoJeJJ!P uro･J suo!~nq!Jluoo '~ 

'e$Eu~1lso q~no, 

AJeA 9･1; sonIEA eselp IE11~ pe;ou eq plnoqs 11 'AleAlloedsoJ 'bB:1 ~~ ~S Pue dICCOd ~~ 009S 

eq ol po;1;Inoleo eJeA~ ~661 pul~ ~S61 ueeM~eq suo~ss~Ine ~al pul~ dlaaOd 11~1:ol el{J~ 'suo~ss~uJ:e 

el~unl, se ol posn seM uol~l2JeulouT e~sEhA 11;~J~snpu~ JeHlo pul~ e~pnls ul: sJolo~J uo~ss~mo uo (8661 

'Aouo~V ;uouJuoJ~AuH) ~lodoJ ~ueoeJ s,V21 eILL '(L661 'eJ~JloA& Pul; qll~eH Jo ICJSspJIVｦ) ~sl3d 

9lp ng poll;J9upul alsE~t 11;~;snpu~ Jo lunome eln ~l~uJ1:~so o; soll~1~01~J IA~I Jo Jequmu u~ spue!~ pul; 

uolll;,euToul e$s~~A Ieplsnpu!:Jo Ao!Lms ;ueoeJ s,AA}lj/~1 el{1 posn e,A 'sru~L '~sed eln u~ uoTJ~Jeu!:ouT 

elsl3~t TB~lsnpul: uo s0~Is~113~s elqlal!eJ ou eJ13 eJelLL :(Id~1' uo~,vJs,upu~ a,svat p!J,snpul 

~sl~d erp uT Je~LOT ueeq eA1~q 

Isnw seolAep loJluoo uol;nllod JIE Jo uoTl~ll~,sul ellS esnEoeq soll3lu!:~so oATl:;AJesuoo Alql~qoJd eJ~ 

esel~l 'b~l 8~ ZL Pul; ~/(1(IOd ~~ OO~~ eq o; poll;uJ1:;so olesA ~661 pue g~61 uoe,~4eq po,~~JJe 

bHl Pul; sd/(1(IOd 11310~ etLL I Sld u!: uhAoqs eJ13 sllnseJ eql 'IA~SP11 LuoJg: suo~ssTmo up(ou) 

Jo puoJ1 eln e~1;ul!:Iso o; posn eJehA smeJSAS Iue!egg:~p Jo !C~~ol;dEo 9ln puc peIEJoul:ong elS1~AA JO puoJ1 

eurll erp: I~l~L ielne~ol sonTBA esolLL 'pol';Inoleo eJokt 'smolsAs snonul:;uoo pul; 'snonuT;uoo~ues 

'qoT1;q F~o~11~qoeul 'qoll~q Klemeu 'sul;0$sAs ~uolngl~eJ; IueJe~:n? JOJ sueeLu o~louJIllpV 



- 8 -

SJ13eA SL IsEd oll~ noJ e)pal: 1~Jnl~~Turnsl~~~: pul~ A1~8: OK~OI u~ po~uouJ1:pos sup(olpJo uT~TJO ~ ~Td 

OOL 06 oa Q3 OL o ol 09 os ov oc 

0~1LL -l 

s~!laaod 

ew~l JeAo ul3d~f ul uo;;nllod u~xorp Jo hAe~A JeJ13910 ~ ;ueseJd 11l~L s~{~ T1;II~ edoH 

e~ 'eJeq po~uesoJd suolss~ue u~ PueJ~ elp lpIAA Jeq;eSol 'seoJnos uo~ssTme ~ueJeg~:~P uJo~g: spl~01 

up(oTP uJ spu~J; eln uo 13~13P PlelA IIT'A SII~L ~ueuJuoJ~Aue ollenbc etp u~ uo~113uyml3;uoo u~xolp 

el~~ uo uoT~l~ulJoJu~ opTAOJd plnoqs qo,q~A soJoo luewlpos elT~ ~ulzAIl~ue AllueJino eJ1; el~~ 

10~13ru emeooq seoJnos uo~~~Jou~ou~ 's0861-p~u eql Je~:1~ pul; 'pop:ed umuJp(1;w elp ~u,J:np sooJnos 

Jo~1~w oln elehA seplo~qJeH bHl Pule s~/(1:(1:)d Jo sunel uT qloq pesl3eJoep ueql plJ13 soL6T 

prr~ s096r ~a~!np ulnuJTxeuT 1~ ~e s~!~t pooi eq; 'su:oFssFw:~ u:~xo~) Jb. spuoJ~"~mjl ~'q~ JOJ sV 

'ouJTI JO poT~ed Je~uol 13 JOJ 

uTXOTP Jo u~~lno eln el~lx!1lse ol luoul~pes eo~~J:ns ~uTsnJO ~u~woo;Joqs el{1 oq A~~w AouBdoJosrp. el~J 

Jo u07;~;ueld=xe elq7ssod Jgqlouv sple~ IEJlulnolJ813 u~ IITIS SI dNO wo~: u~xo~P eql Jo IJ13d e~il~1 

12 ~1~Ip seSEolpuJ S~HI dNO 'spTo~qJaq hdeu el~ ulo~~: ul~qS eJoul pu:noJ eq osll~ plnoo 'd:)d Aleull?U 

'opToTqJeq Joplo eql woJg: ulxol(1 'l~os ol po~lddr eJO~~ qoTqA~ sop~oTqJeq ul3ln AI~sl3e ~10uJ ~uoulTpos 

u~ polelnwno013 eq ueo (sooJnos uo~lsnquJoo) uolss~uJ9 o~eqdsouJ~13 ;13ql smees ~1 'olql310u sl 

lueuJTpos u~ po;13lnLunoole ;unome e~1 pul~ uolss~uJe Jo lunouJ1; eql uee~Aq:eq eoueJe~g:Ip OILI 'dNO 

ul 131~3p uo,lEJsueouoo b~l hAeu eln ~uJsn ~ '~}~l uJ uNLoqs eJ13 SJlnseJ poSTAeJ 'ITeuJS s~ e~ul3qo olp 

q~noqllV 'uo~lTsoduJoo JeuoSuoo uo posl3q s~sA112ue 1130Tlsl;1;Is Aq poll;ru~lse sl3h~ uo~~EuluJ13~uoo 

;ueluTpos Jo u~~IJO eql (8661 '13~1~unsl~V~:) doHS~aoA~ Isl~1 ol{1 Ie Ino sTln poluTod ApleeJ11~ eA13q 

eA~ uIXOTP Jo sooJnos ~ulao~:~uS~s Isow sql eJ13 'dNO Pul3 dOd 'sopTo~qJeH Jo spuT~ oh~l 

melqoJd uo~Inllod ulxolp 

eLn o~u~ SIH~~suT ~Aeu ewos seA1~ eJeH ~Insel eln 'sselel~leAeN 'Is~d eWl iOJ oll;wTlso eA~l~AJesuoo 

ol psel o~ spuel qolqh~ 'posn eq eA13q AIluooeJ peJnsl3eru sJo~ol~J uo~ssyme pm3 9TqEllll3A1; Iou 

eJ1; Isl3d olp uT SJOIOEJ uolss~Jo eln esneoeq AI11~~oedse floe~J9d woJg: J13J s} eJeq po~JodeJ uo~;eul~lso 

eql 'sosseooJd uo~~EJeuloul e~s~~L sl~ Iueo~:}u~~s sl; Iou Alq~qoJd eJll~ Agl~ Inq 'eJeq poTPn~s 

ueeq lou eA1;q seoinos uoTlsnquloo 1131Jlsnpu~ Joq~o 'eldmexe lod Isp(e sso~nos elq~ssod JolpO 

pol~wl~so uoeq eA~q ul3dlef ul soomos ~uoJe~~:lp ulo~~: suo~ss~uJe ulxolp Jo spuo;1 oulT1 OILL 

uo!ssnos!(1 'S 

lucoHTIJ~~S 



6. Conclusion 

Old agrochemical samples were analyzed for their dioxin impurities The results showed 

that some herbicides were contaminated with 2,3.7.8-chlorine substituted dioxin congeners 

Based on these new data as well as the impurity and emission data reported in the literature, time 

trends of dioxin emissions from chlorinated aromatic compounds and incineration processes have 

been estimated. The results indicate that dioxin emission was maximum during 1960s and 1970s 

and then decreased both in terms of PCDDfFS and TEQ Herbicides were the major sources in 

the maximum period whereas incineration sources became major afier mid-1 980s 
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