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E 26 66 3.0 2.7
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S H 140 — 71 —
1 57 230 0.58 16
J 670 - 5.9 -
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DY BEEHEERLFBEHEDIZFTIR L OSICEs b
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BHEL LTERSNTWA ZENREESNE, T EREULAEBOIER>TWD Z ERHRIND.
ht, B-2 @B bn-HEERIE, ASMizes -2 0BME»LEHESIHT A 0IniE, £
19 BEHFEEZIH LR TNER RN LAVRE S
®-5 AHR, RCAREAMT # L0 N, TRTHEEE L OAHBNRELBIET 55
WOSEHE L RILED bR AR LR S L E T D L B2 BB,
1958EE |BEE BHEREIE |BHE X
, ) 10 losmsioo TEBRICOWTH, ZOBRENDRE AT
(mg/ke) (me/L) | (mg/ke) ) BY, NME7 o AOBEHEIZI0% LT TH-70. =
ARR N0) il Wl DRRICBILCH, S HHE AR, O
C(2007) 110 13 130 Tisl BRI COHEY ABERRIREN 158~ 16.6% TH YV, AHF
D(2007) 310 90 90 29 IR BMOSEN 174~ 200% ThHoTZ L,
- = DL o BB R 0D CO B A KERIFIC H B M
G 70 7.2 72 03| MELNTEIED, FRMLRERETFEHIT
? ?g 0@ ; g; HoTl-bic, ERENBAMZ 1 ADERREN
N 570 5 5 S LTV AERENERSH DM, RRIZIZ-o& 0 LA
KLAR [A2007) 140 16 160 14 hofr. FEL, TOBAICBWTYL, EHEEBL
meL o PO BHEEIEA R LTV BTD, ML LT, P
F 880 96 960 109 NOFEKHEC L VBRIBREEZEKT I8, KMy
G 210 19 190 0w ADOEREMHIT S X D R RITITRAYRHD &
. /\{ - - 230 — 1; — ;60@( 70 %i%ﬂé
igg%;;%ﬁ%:xTyéfiggiggmégﬁg%a ¢) BEAAMR
HHERBICB T, B (KR RE (ER) B10:1c  HEUVARERRO-EER-6ITRLE. e AM
HHTEILLD. Fe LTIV CAMEE, COEMIE), NOx(EHE)
=6 AWHABECRTLIHIVARERE
BB é?’; REHERE IW’*"' B #;gx BH A= [ELWCA] cCO NOx CO, 0,
BRE |ZRE =) B
By 7 mt%;g};ﬂ;]‘ 2 °c °c °cl myh| mWwhl  g/m’y ppm ppm % %
e E-1 58 | 50(&RHAHR) 912 800 144 9540| 9,160 | <0.008 26 86 08 19.8
E-2 57 | 49(#BHAHR) 923 780 147 8010| 7,780| <0.006 56 110 1.2 194
. F-1 66 | 69 (ZTHHR) 956 833 86| 143001 139001 <0007 <4 97 08 196
F-2 59 | 51(FHHR) 960 840 <0.006 <3 120 0.9 195
. 1o 48| 470kTED) NA|  NA 88| 14600| 142001 0005 <20 120 15 19.1
G2 68| 65(KT3Hh) NA. NA. 0.005 33 100 14 19.1
" H-1 60| 30(KT3H) 1035 820 290| 4760| 4560 0.13 <30 110 23 18.1
H-2 63| 40(XTiED) 980 830 296 | 3,770 3,590 0.16 <10 130 24 17.9
| -1 59 | NA(ERHIH R) NA. NA. 247| 3880 3700 0.15 180 84 25 174
1-2 64 | NAGERTHH R) NA. NA. 2301 5150| 4860 0.10 <40 93 20 181
) J-1 84| NAGTH) NA|  NA 400 | 4440 4130 019 270 82 38 158
J-2 64| NAUTH) NA. NA| 0.17 77 110 19 16.6
mAlE 84 - - — 400| 14,600} 14,200 0.19 270 130 38 198
B/ME 48 — — - 86 3770 3590| 0005 <3 82 08 158
ol 62 — — - 230] 5150 4860] 0054 32 105 1.7 186
BHFHE] 63 - - —_ 214| 8200]| 7320 0078 32 104 1.8 184
BAEYE] 62 - - —_ 189 7,270 6970 | 0030 30 102 16 183

HKEBTRMEUTOMEIZ>WTI,
KIEWL A, CO, NOxIZDWTIH0,12% BEHE
¥ N.A.: Not Analyzed
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DWW T O,12% MEAEBE TR LT,

W CAREL, N7 7 40 —8 KO0
PRI EREEOFER N ANHEHRFELHRE S NT
WA HER BE~G 2BV T, mmgm3uT1%0ﬁ<
Rl T ey, EUABOZ2WIER H, BLUME
RITE, 013~019gm’, THY, EVMEEZRLT.
FERXTIZBWTIIE CAME LTRA7 U =K BR
BINTWED, 0.10~0.15 gm’, TH Y, £ TAR
DN —AEIREREDHEER L. Lied» T,
A7 V= AT, BOWEUASRIEFE o0
&mié
%LTi £ TORER T 82 ~ 130ppm TH Y

REREFAON T,
%Lfiba%fmﬁmém@m%ﬁb,%
fumwmf%ot#,%iﬁfk%<ﬁﬁb,%ﬁ
AR OEZBEIHE Y BN o7, COITIE,
PRSI Z T, BEORNSCBRIERRIDBKE ¥
BEALLDOEEZOND.

d) ANMAYVRLOHEAARBETOHEEDHTE

KEEIFICHRT AIKFOAMZ v A LTI
2007 FOFEY, BLOEPRIZT, 2 COEFIR,
BLOECARICOWTHERHEREZHBRBTAHZ &
DO E o7, KEBIFORURE~OBEEN

WBEEZLGE, RE~OHHELTEE L TEL
TENEETHD.

ZITE, AN T4 E—IIZ, %%@%%F
AR L OB E T A R E PR E SN
E~G¢&, ELAKORW, %éwiﬁbhﬁ4®
fRWIEER H ~ J 1281 D HET 2 &8  UTo K ERIFSL
~ORM7 v AOBEHEEZHEL, T T 4NH—
BLOEEH T ALHERMOEAR, Sl aso
PEHIENZ B2 2R EZHALMNITHZ L & L.
BRI, UTFoREICEY, kEI1KHEVOD
A7 v APEHE L HEE L.

F9, Al v LB LT, R-6IRTHEY A
IR 86 ~400°CICBWWTCIIZDIF & A R EIE T
FETHEBEZLNDDH?, EUAMES, MftES
OHEH ANIBIEE CHIE L E R o TmiE v LA,
REAHEH SN BB, TRV CAILEERDA
i/ nrBE RREEHEL L. £, W CAF

Y o MEEL LT, BHEROE U AR RN
7LD FEFEYHAVE. LER-> TRBDOE
N7 8 A TRWZEICEREZETSH. £ UAMEN
2, WEEHFENEETEL2VESIZE, Eve
AN v AREETY, BUABEE T AMRICE
519 B8R EORKE~FR/MEOFHE AV,

P Eoritiz Ly, uTwayt LER-T, k
ZRIEHEN A AT IS BT AHEN 2Rl 7 v LjE

ﬁtL LAY

E (pg/m’) %k7e.

Cr(\’I)

GCr(VI) - GDUST ) Cc:wn (1)
Gy HET AIEV U AR (g m°))
(0,12% #2%5)

U AROF MY v LD

195 &% &(ug/g)

Cr(VI)

RIZ@QRUZEY, RO G BT DKEE
1EHYOREPTAELFTL, K KHEY
DOARf7 v LAHEHE M (mg/ 1K) ZHEE L7

Cr(Vhy

M = G * 10%+ V- 1/60 o)

V : ELEHET A & (m /h)(0,12 %5 )
t : KEEREF (min/ &)

58, BMRRICKIT D, t: kEEER, VA&
(qn%@é),Dm.%ﬁx$&wUA%EM2W@
KEEDFHEE FV .

REBREZR-TIORLE, £9, VAP OAM
I ARE (9BEFHEN—X) 1L, T T 40—
HAREEEEE, B A VITIERBEREORE SN,
2007 FIZFRAE L= Mgk A ~ B, AAFFRICRIT DR
E~GIZBWT, O12%BRET, 023 ~3.8ugm’ &
ELHED O/, ASantarsiero i, 4 Z U 7 OAR
T AN —%FTDHREFICBNTC, EREOER]
THET AR DI CAREENA 7 0%k, BORE
H%ICP-MS CHIE L, HEV AL n ABELZRD,
ZOED, 6.0+ L0ug/m’, (0,11% HEE) Th otz &
HBELTNDY. ZOfEIZ0,12% MEBETILS.4 +
0.9ug/m’ &72h. BT D5, MERK DELAKT
VEHE TR EOITIC L D87 v ABEITR -9 IR
T L HI01,820mgkg TH Y, ZOBONMMZ v ADOYE
HEIX 15Smg/L THhotlz., ZOREEXKEEREC
HHE3 DL 150mgke & 72 5. R-B5DEHEKRLY, K
EEREOEHEREEL, WESHELOMIT, &
RPE CHHE L7z 4 O U AR T41% ~ 130% D#FS
Bl Z &b, MR K O£ CAKR 7 v
LD 19 FEFEIL, 115 ~36Tmgkeg ThHD LHHE
BTE5., Zofis, PEFEHEESTTICEZ RS
fe v B 1 1,820mg/kg D 6.3%~20.1% 25T 5
27 hOBE/E LTIE, 8BS ﬁ%KPMSKié
BIE &, PREFEEHEOI OEIISIE G5 & &
2 6NAT-8, ASantarsiero & @%ﬁ%{ﬁd) 0,12% &
18 : 5.4 = 09ug/m’, @ 6.3% ~20.1% 73, HEH AF DA
iz v ARE (19 B5EFE~N—X) ITHEYL, Zo
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£R7 REFICRT DA ARAM S v LRE L PHHBEOHET

IHE KEE [ HHAFE [IEWCA  |EBLARAF HeH 2 FUlvOL |EE:
BER | (B2F) A B L AEVOLRE (Hihs HEH R0
19EEE=E
Bify % m°y/h g/m’y mg/kg pg/my me/ 1k
2007 |A 44 2,100 <0.006 140 0.42 0.65 |BF+SCR
B 65 2,510 <0.017 460 38 10 |BF+AC
C 69 1,730 0.155 (66-880) 75 140 |ECAHELL
D 81 2,130 0.0525 (66-880) 25 70 [ECARGL
AWE (e 58 1,320 <0.007 66 0.23 0.15 |BF+SCR
F 63 2,240 <0.007 880 2.9 3.3 |BF+SCR
G 55 3,000 0.005 210 11 2.9 |BF+AC
H 62 1,360 0.145 (66-880) 70 97 [ECAMAL
1 62 1,550 0.125 230 29 46 |SC
J 74 2,200 0.180 (66-880) 86 230 [EECAMRLL

X2007T4HEDKEFT— 4, ELAKOAMZ v 19 BEHEITE4)

MOKZERER, HEYTARE,
MEEXHTARE, FVLARDNTIHO0,12% BEE

HOLAKRDWTIRSER 2 B0 0 KEOFHE

MEUARAEZ 0L 19 BEAE(O ML, ELABBARLT —FRENWLYD, ECABEHETLIERORR~&/IE
NEEHARAMZ 2 AIBE, A7/ o HEEBE, AMiZuobl9 BEFEN—XTHY ., EHEROFHMEL L THH

MBF: NI 74 VF—,

B, 037~ l2pgm’, & REL b, LinisT,
FHFFROMIRE ~ G OFRAETH D 0.23 ~ 3.8ug/m’,
FIFIERIUA—F—Th s L HRENS.

EULABPBRBENRTOHARY, HDEWVITETAD
TPNEVIESR TH D, 2007 FEOfEH C ~D, BILW
AR CHHAE LR H~ T IZBW TS, eV Ad
DA77 NRE (19 5 EHES— A ) 1525 ~ 86ug/m’
OFEFICH D EWESIN, DR EHLNNTT 4L
72— omEYEN A BB S RE SRR I Y b
EVWEBELLCH D EHERISND.

KEE1 RSB T- 0 ORM7 v AR (19 5585
BR—2) LU, N7 and—, BIOE
BN ARG 2T 5 2007 FEOEFR A ~B, K
THFCHRAE LR E ~ GIZBW) T 0.15 ~ 10mg/ {4 &
BEL O, F-, EUAMER LR, HHW
& o THE CAERMNMEY, 2007 £ C ~D,
BILOKRHECHE LM H ~ T IZBW T, 46
~230mg/ k& RFEL D, WHOHKIZLY, K
iz v ABEHE (19 BEFEEN—R) 1%, £LAS
CROBNNYT T g S —REE P A LR A3
BEnsdzlicky, £ELAEEELRY, HDWV
3B U AR RMEVIEAITHER LT, 78 ~ 99% {5
ENTWA., Tihbbh, HEVAZEHE L kEEFS
~ORM 7 v AOPEHR, FELTHFA ATV 8
HE 2 BEICRB SN AT 7 v E — OB EHE
ARSI VIHl ShTwa eEZ bR,

PLEXY, HEHEIBL L, RT 7o nF—%
OEEYEN AMBEBRMBIZLY, S ThDHT L
NEZONE. LL, JHHBEL L TEXLSE
i, BAETIE, KEPONMIZ v ATRRHR

SCR : flidE@E, AC : HEHERWEHRM, SC: 227V —rRELALE

BHIEVEIC & D EEARIER & L CiEZIT Bt TV 523,
PR MR R ENHR A CHEL RV, &
NHOHEHBEIC W TEESEMT 52 &R T
v, T, FBRHEREA~OEEICOVWTH, K
WETIIHEE Loz, Fmiciz, £
MR ENMBETHD.
e) KEFICHITHLY OLOFHERE

INFETORREND, KEFNLRIE~DEI 1
LAOPEHREEEH L, MBEFRAEROYE RS L
R L7z, BUAKRFOERY v MMIHT 5K
sk (19 BEHES—R) OEIENE, RROKRE
kY, 63%~201% THDHEHEINZ. ZOMEIZ
X, kEE1EHE OXM2 v APEHEE (19 5
SEBN—R) &, &7 o blOYeHREICHBE L.
7, BARADEHFHM, FEWOEFEED, LT
FHE DO BLENE D b B IR DTS 53.5ke/ &
EHEEESh, KBEIL X bresu rfHESBEKER
iz OHEHREICIE U, BRx RRBER AR O
27 v AOPEHEEE, USEPA, AP42 T < Hid X
WCREY, ZIbLRENDBIERAEREEEL D,
KEEL DR EIT T, BIBERAROEEIL, P,
/NEFS 2004 FEDOEIRICBIT B A7 2 AOKRZEA~D
HEH A v P —EREL-TEBY Y, TS
iz L.

£-812, k3, BIOMMOBREERAERE N HRE~
DLy v AOBEHREE R L. £, JEV A0
OHDHIHEEERD E, KEFNLOEI v LAOHEH
128513.0.014 ~ 3.0mg/kg TH Y, ARKIHE, BEE
e, TAKBREA G IZERA—F —TbhoT.
—7, HETRMBOINWEE, KEOHEHARENL,
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K-8 KE, TOMBMBERERD DRI ~DE 7 1 LHEHIRE (mg/ke)
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EH HAREBGL | 5 R 0EHY £ Xk
), = B AR S iR

BRANER " OVl mmey Bk, EEER, 85 | DY
BREWYFEA 449 0.015~0.13 15)
TKER B 14 0.01~98 16)
it ke L HdlE 130~350 64{Cr-MgL o HERLE 17
AU EE —| 0.0039~0.070 18)
" -~ o | BET AR  EERA, B, E~G

K 43~69]  00~30) s mIBAY [5G, D, H~d AR

4.3 ~69mg/kg Th VD, AHRAKIIFHE, FEEYEEH,

TARVETREEAID 4.5 ~ 14mg/kg & RITRE D>,
HWRHDLH T EPREBINT.

Dbm< e b

LD BN DOWTIIEE THRET 53,

& LTI, RRCEEEY, TABR

i &
7
REET S

(ZEERE U TR

REIZEM, B, BEHCEET I/ o ARl Em B &
HEZICL L, kL b 7 uhFEHBIENLTWS
AT VARMDEEY R VORERLDH EEZ LN

5.

(2) 4 0LOBERAA

a) KEFIZEHDLEI0LOTANT VR

peile

BULEEIK, BIUECARFAMZ 0

Awm%ig_,ﬁéﬁﬁéxr/vzﬁﬁmmw)
ZERETHD EHERISNTNDY, ZORILE LTI
UT@ijﬁwkﬂ%KEﬂé.

9, SUS310S DL 572 AT v L A CIEREIZ
Cr,0, DX 5 R ARBEEAEH S, ThiIZXY&E
R - BLIRAR TR TR OB L 3B S SR E
BRI TS0, &R - BEERK T clEE
EDOT V7Y TEEREEHIZLY, Cr,0,I3EHIC

BRlbSh, KBEONZ v MuEMEBRT 5 &
SND. ANBICEERD THDH A FuF 7S

# A4 b (Ca, (PO, (OM)) IZINZ, 7RI U h, [RER
AFUIRENREENTND E L HICD, BHEORHE
e LT, AT TLEESLY AL T BN
TWVWAERbHY, ZholER - BEERATT
MM v MERRBEEETSHEZEZ NS, L,
KEFRICBT DTHAMITIE, Cr,0, BWEE4LD ATRE
WRHY, ZARAMZ v LAOBERICRSTWNWAS D
ELTWETER., 22T, KFEIILBIT A2 0 A
DRANRT UV AERLNCTHI LT, BEBIXK, B
iU%CbP$ﬁ%&DA®$¥%%6#KT%6
EEZ . BRI, MERKICBWT, A7
xamAw%@P,%iU%me¢ﬁﬁﬁmA®
ke LEBOKEFIIRBITAE27 000 ANRT
VAEBEI L. ZO%E, LT RICLDZEI 0

LDORZXBPRHILTDHEEZLND.

MScr=MBcr-+ MFcr 3)
MScr : kZE1EHIZ W DATF L ALEE ]
£7 1 LOKEYE (mg/ 1K)
MBer : k2B EH7- 0 OFRERICEET S
£ 1 hE (mg/ )
MFcr : kZE 1 RS- DECARICHEKET S
27 1 L& (mg/ &)
MSer @ KZE KBV DAT L AREEER Y o

LD B

13, B-3IRTMERK OAT L xRz

BOXBHE CTOBEEELE R, UTO @R L

DRDDZENTESD.

MSer = = (SUi2 — SUo?)*L-p-Secr- 105,/ N

»»»»»»»

o

0 |

Vi wyi]
)

41

)
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£Q9 KEFIBIZLIZoADTANRT L RAEHICAWEERE

EH e |Em @B %
AFULREREDQUHHEE SUi  |m 0.010 |Bg-3&kY)
ATFULRABBEDTMEFRICSITHERE [SUo [m 0.005 [FEERK, ATVLRAEETBEELY
ATULRABBEEORES L m 486 |E-3LYEH
AFULABIEEE SUSII0SDELE p kg/m° 7.870 |44t IR IR LY
AFULRABES £I0LEHEE Sor  |wth 24 [ REIHELY
ATFULRABES O MEETO KB IAHIN ik 180 |MEERKIES R T —2DET YT &Y
BERAOESIOLEE Ber |me/ke 4210 [T UL D T EE RCE B N=3)
NEAHEYOERBREEE MB  |ke/{& 3 |EERKEBE R T —ADET 5 &Y
ELARTOLYIOLGERE For  |ma/ke 1,820 | FREHME D HTHE R CE 1B :N=2)
NI 2458~ ADIENCARE Din lg/m®y 0.05 |EEICEET—2DETYL T &Y
NG T4 E—HOEVCARE Dout {g/m®y 001 |HEEKEET—20ETI T &Y
NEIAB-YOHHRE Vo |m’W/iE 12,000 [fERKEEZ T —20ET7YV T &Y
For S CARIEOS 0 1R (meke
16000 lx-r/bxiy’quﬁf]m\md >4y Din : /377 4 V¥ — AW CARE (gm’))
gimm mm:ﬂ774w5~mmﬁwumﬁﬁgmm
H 12000 Vb KZE1{ESHT- 0 OHEN A& (m?/ fK)
{E[i 10,000
& sow CRBOEERDBLDICAVET—F, BE
3 6.000 AEE 2EIICE LD TRLE. £ nLORIC
£ L7 8 » TR HZE K 12381 5 K3IF IC R 54
g I nOwANT VAR AR, BA4LD, A
’ . T L RBEARME Y v AOWEA4TE, 12,100mg/ (KT
° NPUT oUTPUT HHDIKL, BEK, BLOELAROEY 1A
M-4 1EOKZEIZBITALRIabD B, 12,600mg/ K, BILU83mg/ (KTHY, T h
TANT AR IR 12 OUTPUT R < 72 o778, % DEISIE 110% BE T
SUi : A5 v L A BB L D FIEHEE (m) HY, HREBESTIRREERS
SUo : A7 v L ABIZEE ORI IIT 5 INPUT & LCTAT v b ARIBEE DISMTIE MK K
#E () 2, WREHEsk, BIZER, FAMAY, BEXINE X
L: ATV L ABBEDRE S (m) bIb. AMEF4AY o AIKE 70kg DA B TR
p: AT L AR SUS310S DL (kg/m?) 2mg/ K, FETHEENDZ DD, 12,100mg/ &
Ser : AT v L ABISREA - SUS310S H IR LTEETEDEEZ NS, BEHNIR -1 IR
27 u AEREIE (Wi%) L7 L9 I26H, AT ABRRAVLR TSR, #§
N : AT v U ARBREORZT I E TO FHAPICE7nMIUFEAEEENRNEEZD
KEEBEE (1F) na. Ei, fTHEFOL7 v AL, ICP-MS TORIE

BELT, 24 gl EOBEENRHDHM. KBIZBIT
MBer : k1 EKHT-V OFREBIRICHETH L0 HARETOMBBAEIINSOL/IKTHD DT, Bk

LB, UTOG)RICEVRODZEBTED. OE7 LI Img/ &5, Lo, Zhul
DNWTHERTE D LEZ bND. RIZRLLFE N

MBcr=Ber*MB %) Ky, BESHICE LTI, 7o A8 E8EL, KEEID

B AHAVEOT — RGN oTed, 3o

or @ FRIRAEY v MRE (mgkg) XD Lng, BEIR, RULARKPOET 1 LB A

MB : kZE 1K) OFREIRFEARKYK) TULVABREORVETCIRITHATE I 1D,
m@mﬁﬁidﬁm&%zt

MFer @ kEE1 {KHT- 0 DECARICHKT 2L F£72OUTPUT & LT, BERFOLS o LREIX

o AEI, UTOE)RICLVRDEZENTEE. HUARICHELELS, BERKORLEEITZORKRE

WRELSBELTWS., KE1EHEZYOREIKE

MEcr =Fer+ (Din—Dout)* 10+ Vb ©6) AEIT, ROIWRT LI, HZ~0eT U7

LV 3kg/ R E LTWB. BRI, {KE 60kg DEAED
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KEEDHTZ D DIRFEAEE LT, MK, #, BIZEESLD
AR DS 34kg/ R E RAE L > TV AD, RKAr—2
WBWTEUAROREEEIT048kg/ K TH -T2 &
No, BEIROFEEEL TRT 5 & 29kg/KER5.
%/~ Monaghan I, - ¥ U X KZEIFICEIT B IKDFE
HEA 1.8 ~23kg/ REHE L TWD2. KZEDRN
LB ROEHOBEZILL > THLRR-TL B 2D
Eo2XEbdb0n, BEREEEOLT VS
ETH 5 3kg/ BITTURFEAICH D EEZ LND.

PLEDORERD D, BEBIK, BLUOEULAKPOE
b7 ubJié LT, ATV ARBERICLEH
REEREWZ ERHER SN, 2 unbEBL L

TIHELAKREY &, BERPICBITT DEEHK
TN EWRRBEANT. L, ZOERKIZBIT
LELCAKIZOWT, TEELEREICE SNV E
HERFZEWR L-/BR, XMy o 0BEHER
1Smg/L Ch Y, BEIKR~BITTHEIENEZ &, B
HEEYE 0.05mg/L & KiBICHERT AR E o7,
b) RTFUVLAMELEDEE

PLEOKRFNG, BEIK, £CAKRFROZ 0 b0
Bk: LTiE, AT LARBEETCHLLHEIN
-, FIT, AT LABBEELFIALTHRVE
SDKFEIFLIZBWT, BEK, £CAKEY T
VoL, HEERFEM L.

KEIFLICIBIT BDFEIR, £ UAKRDEHERER
DOFEBRA, (1) BEAED 10 BIEOREIK, £UAK
OFER L HOE TR BIIRT. LEFRK, BLOLE
CAKOEHENE, 7.0mgL, BXU34mg/L THY,
EWHATEORR L B LT, 2FMICIHEVERIC
boleh, EEEIK, 1REIK, EE£LAKIZEEL
37257, IRE UCEHERYE  0.05my/L 2 KIEIC
HELTWe., §72bb, 270D ANT R
MBIFAT U LV ARBEENFEZD 70 NETHD &
HERI SR, AF UL RBBEERRL LY, B
BEEOERIZIE LV LWL D, AT LARIEE
DS O 7 a OBk E LT, BN EE
7Y, KRR E B BV KZEIFRNOMEIZIZ,
BIZER e PORREERE L LN, AT L RBIZEL
FETIERWD, BBIK, ELARFDI o AIE
BEBIIELTWEEEZ N,

Sk, 7o bh KEFEHED CRIESICHER L
2B S, RPOARMZ 0 L0 19 5EHES
BEHEBIZOWTHE L TWOhRITIER & 20,
IOHBEIBWTY, GHEAE BHEEELR
BLTLUES AR EV. Lo T, 4%, V74
NE =B L BECANE LoD ITVWKEEFEI~D
KRE~OHEHE MG L, REAEE, BEREKOMN
HERFNTAHAZEEOMELEZOLND,

100 T T T i T T T T T T T
l 1 t | 1 1 1 e i [
-7 T e e I S . T
1 l ' ' 1 P 1 3 ¥ 1 '
0 f oo oo b dedanh b
) i 1 1 1 [ i 3 T 1 '
L I e e e e e i B B
) } i 1 1 1 1 t i3 ' 1 1
R S T R R T AT
Eﬂ 60 3 B 1 ' ' P [ Vi t ' 1
— 1y i i t t ' | t t ' 1
gl 50 F-=v AT rTTr T T T p T oTTaT T
H 1o { ' 1 [ t | L t 1 1
” R T e e e ' EEE.
% 40 1| 1 1 i 1 I T B 1 I
L R .
3 7 t 1 [ 1 i 3 1 [
I aiadiads . i e Ml aidie Il Ay e R
z N 1 1 1 1 t 1 F B 1
10 F-- H--d--b [E N} N
: B 1 1 [ 1 P [ 1o
0 el e | ll___l_-l H I L. |
E F G H I J L E F G i L
—
Rk — \“— geam —
B-5 Misklicki) 2%EK, £LARD
N7 v LEH B O
4. F£&H

AWFFENE, EEOMROKEIF LRI, HEIX,
BLOECARTANEZ v AOHEHERSBH ST
THEEHIT, 7aAiéEhd AT L ARLE
WZOWTHFHEL, HEHIHIRRIZ oW CTRE L.

BIFIcE oA i md.
CKEEFICRBIT AEREIK, EUARONRM Y v LVE

HEE, 10 RIS oW T HEEB R F kI X

DIRE STV AIEHEFYE0.05myL) 7 10~ 1,900
EOBEFPHBEHENE. —FHF 9 EEFEICELT

A BHYE (250mg/kg) B ABIE L= D13 iR

A Tholz. LIzB-T, FIIKOBHEICES
TEHELERDD.

CREIK, BUAKROKRMZ o AEHE, 19587
BOBENS, £ DY T, 19 BEHED

FEAEPBEHERBRTEHL WS Z R
Mmole. LoT, EHEZIHITAEDITE, £
T, 19 BEEEAMEILRTIER LN N

WEN, TRTHIERARE L CAHEREEL B

W AERICERNBLAENNETHLEEZD
i,

- HEN A DEBRFRIREN MK, CORENRFE WV
HIZIE, RAMiiz e 019 5EHEREL L HIEE
ENREEBHEIESNE r— AL R oD, KK

ELTHEHEREIBRLTBY, FROZHER
FIEFEOMRITIIRARH D EEZ LNAD.
CHETARET —& &, Ny v Lo 19 BEHED

b, KEEFNLHETARB CTRE~HEHEN DR
fizesk (19 BFEHEN—R) 2WELIL LD

A, BUAME LTARAYT 7 4 E 5B A

MR ENEAIND Z & T, £U ANV
AITHER L, 78 ~ 99% BEOHEHIGHIZIRENH D

TENRHEINE.
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- KEEIZBIT D RE~DE7 u AOHEHREE KD,
MOBMBERARE B LIz & 2 A, HEV ALED
RN — AT BWT, ARKNFEER, TAKER
BER, BEEMBERIL D bR RDRERS Y, A
T L ARBRE OFERRE I L
CRBPONEZ v ADEKE LT, AT L AR
B LIEEAD, KEF 1 RICBIT 27 a ko
ARG UARRA LML, FOBREM AR
RTCE, FREIOERNPG, KPR vbd
FrAEkE LTIIAT L ARIBEAENEBRL,
FTROEMRFICBITLE LD TH D EHER =z,
« AT L ABIBEE B B IR O K EEIF | FERR
WBWT, BEIR, BLUOE CAKROEHELFT
fiL7=& 2 A, EREFEORRICHE L TERVE
FlcdHoTehs, R E L CAHERELZBIRT S
ERE o, LEN-T, AT L ARZAEN
e, hor o NEOREICLY, BHER
HEOEMITE LVDREIEHD LN 5.

- A%, MEBEICEAREE LT, 7 abk KEEIFHN
B SEEMICHER LIz — A28 5, [RF O
A7 v LD 19 BEFEEBEHEIL DWW TUIFAE
LW RITHIER L2V, ZOHEIZBWT
L, AEEE BHEREREZEBALTCLEDA
BEMENREW. LER-T, NFT7 4 ¥ —FL L
HELAZ LoD ITWKREFAORK~DOHEH
ZIE L, R COAHEZE, BERIKOLE 2 BET
BILENPKETHS.

BiE - AR EFITTHICHEY, iEEEE2 I8
RIEX, REEFHEIC WAV E 8 EFTD k3RS,
BIUBBREBEOF 2 ILEHOBEERT. Ik,
AHFFED—EETRK 20 SR A F BRI R B
& (BABBRZENMAEE) ICLYEHSh.
TN W 2 IR EETT B
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Measures and Source to Prevent the Emission of

Hexavalent Chromium Compounds in Ash from Crematoriums in Japan

Nobuo TAKEDA', Masaki TAKAOKA?, Kazuyuki OSHITA? and Shoji EGUCHI?

'Eco-Technology Research Center, Ritsumeikan University
“Department of Urban and Environmental Engineering, Graduate School of Engineering,
Kyoto University
? Taiyo Chikuro Industries Co. Ltd.

This study measured hexavalent chromium compounds in the fly ash and bottom ash from a number of
crematoriums in Japan, and investigated the stainless steel trestle as the source of the chromium, to evaluate
the emissions from crematoriums.

The hexavalent chromium compounds leached from all of the ash samples exceeded the Japanese
environmental quality standards for soil by 10 to 1,900 times. Based on the consistency of the mass balance
of chromium in the crematorium, the estimated source of the chromium was mainty the wear of the stainless
steel trestle. Nevertheless, the hexavalent chromium compounds leached from ash samples from a crematorium
that did not use a stainless steel trestle were not low enough to meet the Japanese environmental quality
standards for soil. Future studies need to investigate ash treatment from crematoriums using bag filters to

limit emissions.
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Abstract. Anthropogenic sources of mercury emissions have
a significant impact on global pollution. Therefore, find-
ing uncharacterised sources and assessing the emissions from
these sources are important. However, limited data are avail-
able worldwide on mercury emissions from crematories. In
Japan, 99.9% of dead bodies are cremated, which is the high-
est percentage in the world, and more than 1600 crematories
are in operation, We thus focused on emissions from crema-
tories in Japan. The number of targeted facilities was seven,
and we used continuous emission monitoring to measure the
mercury concentrations and investigate mercury behaviour.
The total mercury concentrations in stack gases were a few
pg/Nm? (normal cubic meters). Considering the time profile
of mercury and its species in cremations, the findings con-
firmed that the mercury in stack gas originated from dental
amalgam. The amount of mercury emissions was calculated
using the total concentration and gas flow rate. Furthermore,
the annual amount of mercury emission from crematories in
Japan was estimated by using the total number of corpses.
The emission amount was considerably lower than that es-
timated in the United Kingdom. From statistical analyses
on population demographics and measurements, future total
emissions from crematories were also predicted. As a result,
the amount of mercury emitted by crematories will likely in-
crease by 2.6-fold from 2007 to 2037,

1 Introduction

Given in its high volatility, mercury is emitted into the atmo-
sphere from both anthropogenic and natural sources. Sub-
sequently, it enters oceans, lakes, and rivers from the atmo-
sphere directly or from deposits in surrounding basins, even
when no specific source of the element is present (Fitzger-
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(takaoka@environ.mbox.media.kyoto-

u.ac.jp)

ald et al., 1998). Some of the inorganic mercury in water
is converted into organic mercury, which can be very toxic
and is subject to biological accumulation. Consequently, the
emission of mercury is of great concern. The United Na-
tions Environment Programme (UNEP) is conducting studies
with the goal of a worldwide reduction in mercury (UNEP
Chemicals, 2002). These programmes require estimates of
the national emissions of mercury from major sources in
each country. A report by the Arctic Monitoring and Assess-
ment Programme and UNEP Chemicals (2008), lists mercury
emissions from crematories because dental amalgam con-
tains a significant amount of mercury.

According to the Ministry of Health, Labour and Welfare
(MHLW) of Japan (2008a), 99.9% of all bodies (1 108 334)
were cremated in about 1600 facilities in 2007; this percent-
age is the highest in the world. With demographic changes,
the number of deaths is increasing, and the number of cre-
mations will also increase (MHLW, 2008b). For religious
reasons, mercury emissions from crematories in Japan are
not regulated by the Air Pollution Control Act or the Waste
Management and Public Cleansing Act. However, examin-
ing mercury emissions from crematories is needed to deter-
mine their environmental impact and to take measures to re-
duce or monitor them if necessary. Anthropogenic sources of
mercury emissions have a significant impact on global pollu-
tion. Therefore, finding uncharacterised sources and eval-
uating the emissions from them are important. However,
only limited data on mercury emissions from crematories are
available in the literature. According to the Department for
Environment, Food and Rural Affairs (DEFRA) in the United
Kingdom (2004), mercury emissions in 2020 will be 1.67
times those in 1995 and will peak in 2035. It will contribute
11-35% of the total mercury emissions in the United King-
dom in 2020. In Sweden, it was estimated to be the third
highest contributor of all anthropogenic sources of mercury
(Hogland, 1994). Emissions from crematories are also very
likely to have a significant impact in Japan.

Published by Copernicus Publications on behalf of the European Geosciences Union.
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Fig. 1. The pretreatment section of the speciation CEM.

The purposes of this research were to measure actual emis-
sion levels, estimate emissions from crematories in Japan us-
ing measurement data and clarify the behaviour of mercury
in crematory flue gas with the goal of predicting the environ-
mental fate of the mercury in the surrounding area. Finally,
future trends in emissions were estimated.

2 Materials and methods
2.1 Facilities

Table 1 shows the configuration of the seven crematories
and the sampling conditions. In Japan, to prevent dioxin
emissions from crematories, a guideline was implemented in
2000 requiring installation of air pollution control devices
(APCDs) in newly constructed facilities. Although the re-
moval efficiency of mercury by APCDs is beyond the scope
of this research, APCDs do have a significant impact on the
mercury concentration in final flue gas. Thus, we selected
. three crematories (Facilities No. 1, 2, and 3) that were con-
structed after 2000. In these particular facilities, bag filters
were used as dust collectors and advanced APCDs had been
installed. Additionally, Facility No. 7 also has a bag filter
system, although it was constructed in 1998. Conversely, Fa-
cilities No. 5 and 6 were not equipped with even a dust col-
lector. All crematories had a series of one secondary com-
bustion chamber to one main combustion chamber, and in all
cases, flue gases were cooled by air ejectors. Facility No. 1
used a heat exchanger for flue gas cooling. Natural gas and
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oil were used as auxiliary fuel in four (Facilities No. 1, 2, 4,
and 7) and three (Facilities No. 3, 5, and 6) of the cremato-
ries, respectively.

The origin of the mercury is believed to be dental amalgam
(Mills, 1990). Since there is a large difference in mercury
emissions between a body with or without mercury amalgam,
we conducted many measurements at two facilities (No. 6
and 7) to determine an accurate average mercury concentra-
tion. In other crematories, flue gas was sampled twice for
each crematory. Since bodies are cremated individually, flue
gas was sampled throughout a cremation, from ignition of
the secondary burner to extinction of the main burner.

2.2 Mercury emission monitoring

Knowing the species of mercury in stack gas will contribute
to a better understanding of the environmental fate of mer-
cury. The mercury concentrations in stack gas were mon-
itored continuously using a speciation mercury continuous
emission monitor (CEM, MS1A+DM-6A; Nippon Instru-
ments). This device was developed by Nippon Instruments
and the Central Research Institute of the Electric Power In-
dustry in Japan (Chua et al., 2003). The pretreatment section
of the speciation CEM is shown in Fig. 1.

An aqueous solution of 1 mol/L. potassium chloride and
flue gases that had been passed through the dust filter is
mixed with a gas/liquid contact coil to transfer oxidised
mercury (Hg?t) into the liquid phase. The gas flow rate
is 0.5 L/min, and the gas and solution are separated in the
gas/liquid separating tube. Elemental mercury (Hg?) in the
gas phase is washed with 1 mol/L potassium hydroxide to
remove any acid gas, and the excess moisture in the gas is
condensed with an electric cooler. Then, the gas including
Hg? is fed into the first detection device, which is an atomic
absorption mercury analyser (DM-6A(1)). The aqueous so-
lution in the gas/liquid separating tube is directed into an-
other gas/liquid contact coil and then mixed with 1% stan-
nous chloride and 10% sulphuric acid. In this process, the
Hg”* in solution is reduced, liberating gaseous Hg®, which
passes through another gas/liquid separating tube before it is
fed into the second detection device (DM-6A(2)) to quantify
the Hg?*. Here, the gas flow rate must be the identical to that
in line DM-6A(1). .

Given this speciation, CEM was developed based on the
Ontario Hydro method, which is used to determine the el-
emental, oxidised, particle-bound and total mercury emis-
sions from coal-fired stationary sources (ASTM D6784-02,
2008); it was compared with the Ontario Hydro method pe-
riodically and showed an excellent correlation for mercury
concentrations ranging from 0 to 100 pg/Nm® in a munici-
pal solid waste incinerator (Chua et al., 2003), The detection
limit of this device is 0.1 pg/Nm?.

Some flue gas obtained at Facility No. 7 was simultane-
ously sampled using an absorption method based on Japanese
Industrial standard K0222. Flue gas was passed through

www.atmos-chem-phys.net/10/3665/2010/
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Table 1. The configurations and mercury concentration of seven crematories.
Facility No. 1 2 3 4 5 6 7
Dust collector Bag filter Bag filter Bag filter Electrostatic - - Bag filter
precipitator
Advanced APCD Catalytic Catalytic Activated carbon  — - - -
reactor reactor filter
Flue gas cooling device Heat exchanger Air ejector Air ejector Air gjector Alr ejector Alr gjector Air ejector
+air ejecor
Ventilation Induced Induced Induced Induced Induced Induced Induced
The number of secondary 2 2 2 3 2 1 2
chambers connected to
flue gas treatment line
Fuel Natural gas Natural gas Kerosene Natural gas Kerosene Kerosene Natural gas
Experimental No. 1 2 1 2 - f 2 i 2 i 2 44 33
Cremation time 58 57 66 59 48 68 64 45 71 66 84(60-107) 57 (47-75)
Age 64 75 91 79 98 85 66 80 84 65  81(52-99) 77 (29-101)
Sex female female female female female female male female female male male(24), male(22),
female(20)- female(11)
Hg concentraion 0.2 0.9 0.3 0.4 04 3 303 14 2.8 03 3.0(02-827) 43(0.8-252)
(ng/Nin?)
Hg® concentraion 0.1 0.5 0.2 0.1 0.3 2.7 300 13 2.7 02  26(0.1-81.2) 22(0.0-23.6)
(ng/Nm?) '
Hg?* concentraion 0.1 04 0.1 03 0.1 03 03 01 0.1 0.1 05(0.1-27)  2.1(0.7-8.1)
(hg/Nm®)
a glass filter and bubbled through a sulphuric acid solu- 30
tion with potassium permanganate (KMnQO4). Mercury ab-
sorbed in the solution was measured using a frameless re- =
duction vapourisation atomic absorption mercury analyser % /
(RA-2; Nippon Instruments). The sulphuric acid solution %) 20
with KMnOy oxidises organic or inorganic mercury into bi- 2
valent mercury ions, and using stannous chloride as a reduc- g
ing agent, bubbling changes ions into mercury vapour. This E
mercury vapour is then directed to an absorption cell and = 10 =
atomic absorption was measured at a wavelength of 253.7nm 8 "
to determine the quantity of mercury.
Carbon monoxide (CO), oxygen (O3), carbon dioxide
(CO»), nitrogen oxide (NOy), and sulphur dioxide (SO2) 0 ; T i
concentrations were also monitored using continuous emis- 0 10 20 30
sion monitors (CGT-7000 for CO, NOA-7000 for O, and JIS value(ug/Nm?)

NOy, SOA-7000 for SOy; Shimadzu Co. Ltd.). In crema-
tory No. 7, the HCI concentration was measured manually
based on Japanese Industrial Standard K0107.

3 Results and discussion

3.1 Mercury concentration in crematory flue gas

First, we show the relationship between the JIS and CEM
methods in Fig. 2. As a result, the regression equation is as
follows:

www.atmos-chem-phys.net/10/3665/2010/

Fig. 2. The relationship between the JIS and CEM methods.

CEM = 1.23(JIS) +0.687(R* = 0.93), m

where CEM = CEM value (ug/Nm?); JIS = JIS value
(hg/Nm?).

Although the CEM values were slightly higher than the
JIS values, the correlation coefficient was considered to be
sufficiently high to determine trends in mercury emissions.

Atmos. Chem. Phys., 10, 3665-3671, 2010
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Fig. 3. Temporal changes in the elemental mercury (Hg®) concen-
tration in crematory flue gas.

When using the CEM value, we may need to be aware of
some degree of overestimation.

The total averaged mercury concentration in stack gas
was 3.6 ug/Nm?>, which consisted of Hg® (2.6 pg/Nm?) and
Hg?t (1.1 yg/Nm?®). Hg concentrations ranged from 0.2 to
82.7ug/Nm>. When the concentration was normalised by
12% O, to compare the concentration to municipal solid
waste incinerator flue gas, the total averaged mercury con-
centration was 17.8 pg/Nm?, which was higher than that in
stack gas of a municipal solid waste incinerator (Takaoka et
al., 2002). This is because the O, concentration is so high
(15.8-20.8%) that the concentration normalised by 12% O,
becomes high. The mercury concentrations for the facilities
are shown in Table 1. The average mercury concentration
by facility ranged from 0.4 to 15.9 pg/Nm>. This difference
is not caused by the structure of each crematory, including
APCDs, but depends on whether the body contains mercury
amalgam.

Mercury concentrations in 22 crematory flue gas samples
at three crematories, A, B, and C, were measured in the
United Kingdom (Edwards, 2001). According to the reports,
the average mercury concentrations normalised by 11% O
were 690, 880 and 430 pg/Nm3 at crematory A, B and C,
respectively. The mercury concentration in flue gas is in-
fluenced by the volume of exhaust gas per cremation. The
average flue gas volume varied considerably by crematory;
indeed, the range was 325014600 Nm?/h. The average vol-
ume of exhaust gas in a cremation in Japan is 3-10 times
larger than that in the United Kingdom because the flue gas
was cooled by air dilution using an air ejector in Japan. How-
ever, this means that the mercury concentration in the UK
exhaust gas is very high by comparison. Hogland (1994) re-
ported the mercury concentration from a crematory in Lund,
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Sweden. Although the volume of exhaust gas was about 1/5—
1/20 of that in Japan, the maximum concentration achieved
was 60000 pg/Nm?, which is extremely high. From com-
parisons with data for other countries, we suggest that the
average mercury quantity emitted in Japan is low.

The contribution of Hg? to the total mercury was 70%,
which is relatively high. Hg® concentrations ranged from 0.1
to 81.2 ug/Nm?>, whereas Hg?t concentrations ranged from
0.1 to 8.1 pg/Nm>. A higher peak was observed only in Hg’.

The chemical form of mercury in flue gas is known to be
influenced by the gas composition, especially the presence
of halogen compounds (Takaoka, 2005). HCI was measured
in Facility No. 7, and its concentration was found to range
from 2 to 13 mg/Nm>3. Even when the HCI was removed by
a bag filter (this facility did not use alkaline reagents for acid
gas removal), the concentration was very low compared with
that in the municipal solid waste incinerator. To check the
validity of the mercury form from the viewpoint of thermo-
dynamics, the stable form of mercury was calculated under
the following conditions: 19.6% O3, 10 ppm HCI and 4%
H, O using Fact sage 5.0. As a result, HgCl, was found to
be stable at 200 °C and Hg” to be dominant at temperatures
above 600 °C. Because Hg was dominant in flue gas based
on measurement results, there was a difference in the chem-
ical form between the results of thermodynamics and mea-
surements. It might be cleared by measurement in upstream
flue gas before bag filter.

3.2 Temporal change in mercury concentration

Two patterns in changes of mercury concentrations were ob-
served. The first pattern is shown in Fig. 3. In some samples,
a large peak in Hg? appeared at 10-20 min; two samples ex-
ceeded 1000 pg/Nm>. This period indicates the burning of
the cephalic part of the corpse. Considering the behaviour
of mercury in cremations, the findings confirmed that the
mercury in stack gas originated from the mercury in dental
amalgam. This behaviour was previously reported by Hog-
land (1994). During this period, peaks were observed in 36
samples.

In the other pattern, no distinct peak of Hg was detected
in the remaining 51 samples. In some samples, a small peak
of Hg?* was noted. Various internal organs of the human
body contain mercury, and the mercury quantity in an adult
is estimated to be more than 3.3 mg/body, apart from dental
amalgam (The Chemical Society of Japan, 1977). Moreover,
the mercury contents of liver (0.71 mg) and kidney (0.28 mg)
are reportedly quite high. If these organs are burned in a
short time, calculations indicate that a small peak (about 1—
3 ng/Nm?) may appear. From comparisons of the measure-
ments and the above calculations, we can conclude that mer-
cury in dental amalgam has a significant impact on mercury
emissions from crematories.

www.atmos-chem-phys.net/10/3665/2010/
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Fig. 4. The distribution of emission quantities calculated using mea-
sured data.

3.3 Mercury emission from crematories

Total emissions from all active crematories in Japan were es-
timated using the following equations:

Total emissions (mg/year) = Emission quantity (mg/body)
x the number of cremations (bodies/year) @3]

Emission quantity (mg/body)

= Mercury concentration (mg/Nm?)

x dry gas volume (Nm? /h)

x cremation period (h)/the number of cremations (bodies)

G)

The amount of mercury emission was calculated to-be
31.7 mg/cremation using the total concentration and gas flow
rate. The standard deviation was 64 mg/body; this was so
large because the mercury quantity per body has a large
range from 0.7 to 362mg/body. In the United Kingdom,
150 mg/four cremations was proposed as a regulatory cri-
terion by DEFRA (2004). Taking this to be equivalent to

- 37.5mg/body, the values in 15 samples in this research were

over this level.

The distribution of emission quantities calculated using
measured data is shown in Fig. 4. As the emission quantity
increases, the frequency decreases. However, the frequency
increased at over 80 mg/body. In the United Kingdom, in
total, 54 cremations were tested at two separate locations
(Rahill, 2008). From the results, 31 cremations were sus-
pected to have been of bodies with no amalgam fillings. Av-
erage mercury release per cremation over 54 cremations was

reported to be 240 mg/body. The United States Environmen--

tal Protection Agency (US EPA) also reported that the emis-
sion quantity was 456 mg/body from nine cremations (Rahill,

www.atmos-chem-phys.net/10/3665/2010/

3669

180

160

140

120

100

80

60

40

Emission quantiy (mg-Hg/body)

20

0-59 60-64 65-69 70-74 75-79 80-84 85-89 90-94 95+
Age group

Fig. 5. The amount of mercury emission per cremation calcu-
lated using measured data by age group (number of samples by age
group: 0-59:4, 60—64:6, 65-69:7, 70-74:9, 75-79:15, 80-84:17,
85-89:9, 90-94:12, 95+:8).

2008). Although 0.94 mg/body was reported in another US
EPA document, this value would have been for bodies with
no amalgam filling (US EPA, 1997). According to the UNEP
tool kit for the identification and quantification of mercury
releases (2005), the emission quantity in various countries
ranged from 0.1 to 5.1 g/body. Comparing our results with
these reported data, including corpses with amalgam fillings,
the emission quantity obtained in this research is quite low.
The use of amalgam has a close relationship with mercury
emissions. The amount of mercury in amalgam in one fill-
ing was reported to be 600 mg by Mills (1990). We sought
to examine the actual mercury content in one used amalgam
filling. According to our ongoing research, the weight per
filling removed by a dentist ranged from 56 to 231 mg. The
mercury content in an amalgam filing ranged from 42.5 to
53.0%. Therefore, the average amount of mercury per filling
was 51.6mg. This is at least one of the reasons why emis-
sions in Japan are low.

The amount of mercury emission per cremation calculated
using measured data by age group is shown in Fig. 5. The
maximum value was obtained in the age range 65-69 years.
The second highest value was observed in the age ranges of
95+, 70-74, and 60-64 years. In addition, a difference-in
mercury emission was observed between males and females.
This trend is consistent with a report from the United King-
dom (Edwards, 2001).

These mean values (31.7 mg/body) were multiplied by
1169 174, the number of bodies cremated in 2007, which
was calculated using the number of corpses (1108334 in-
cluding dead bodies of uncertain age (MHLW, 2008b)) and
the cremation rate (99.9%); total emissions were estimated
to be 35.1 kg/year. Considering the number of bodies and
the emission quantity by age group, the total estimated emis-
sions decreased slightly to 32.5 kg/year. This constitutes less
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than 0.01% of the total amount of mercury released into the
atmosphere (21-28 tons/year) in Japan (Kida et al., 2008).

To estimate mercury emissions in the United Kingdom,
3 g/body was used as the emission quantity (DEFRA, 2004).
This value is based on Mills’ report (1990), which assumes
that a dead body has five restored teeth with amalgam fillings
containing 0.6 g mercury. Based on this assumption, the mer-
cury emission was calculated to be 3300 kg/year in Japan.
This procedure leads to an obvious overestimation, The mer-
cury release to the air from crematories should be based on
measurements.

Next, total future trends in emission were calculated us-
ing statistics on population demographics (NIPSSR, 2008)
and the emission quantity obtained in this research. That
is, the emission quantity was multiplied by the number of
dead bodies by age group. Here, we assume that the emission
quantity obtained in this research is a property of each group
and shifted it to the emission quantity of the next age range
as 5 years passed. We set the cremation rate to be 100%.
As a result, estimated future trends of total mercury emis-
sions from crematories based on the statistics of population
demographics and measured data are shown in Fig. 6. The
amount of mercury emissions from crematories is expected
to increase to 86 kg/year, about 2.6-fold, between 2007 and
2037. The distinct distribution of emission quantities is ex-
pected to show a rapid decrease in 2042 because the high-
est emission quantity (164 mg/body) moved outside the age
ranges. In fact, the distribution of emission quantities would
then be expected to moderate and then decline because of
the impact of dental care, such as the removal of amalgam
fillings, the loss of teeth and loss of mercury in amalgam
fillings (Skare, 1995) as the age group shifts. Although we
should use measurement data to estimate current emissions,
we can combine measurement data with demographic statis-
tics on dental care or material flow data of mercury amalgam
to estimate accurate future trends in mercury emissions from
crematories.
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4 Conclusions

In this study, to measure the actual emission level and es-
timate the emission from crematories in Japan using mea-
surement data, the mercury concentration in crematory flue
gas from mercury emissions was examined at seven facili-
ties. Total averaged mercury concentration in stack gas was
3.6 ug/Nm?, which consisted of Hg? at 2.6 ng/Nm? and Hg?+
at 1.1 ug/Nm>. The mercury concentration ranged from 0.2
to 82.7 pg/Nm>. At two facilities, we used continuous emis-
sion monitoring to measure mercury concentrations and to
evaluate mercury behaviour. In some samples, a large peak
of Hg® appeared at 10-20 min. Considering the behaviour of
mercury in cremations, the findings confirmed that mercury
in stack gas originated from dental amalgam. The amount
of mercury emitted was calculated to be 31.7 mg/cremation
using the total concentration and gas flow rate. The emission
quantity obtained in this research is apparently quite low. Al-
though the reason for this is unclear, the mercury amount per
filling in the Japanese oral cavity may be smaller than that in
other countries. Furthermore, the annual amount of mercury
emission from crematoriés in Japan was estimated using the
total number of corpses. The total emissions were estimated
to be 35.1 kg/year. Total future trends in emissions were cal-
culated using demographic statistics and the emission quan-
tity obtained in this research. As a result, the amount of mer-
cury emissions from crematories is expected to increase by
2.6-fold between 2007 and 2037,

One possible countermeasure would be to remove amal-
gam fillings before cremation, but this may be difficult to
actualize for practical and religious reasons.
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