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Safety Assessment of Municipal Solid Wastes by Acute Toxicity Test Using Daphnia magna

e R K—BA*, /M @REke, HhHt HE, FiE EB
Taichirou SASAKI*, Toshiya KOMATSU**, Kiyoshi MOMONOI**, Masanori KURISU**

ABSTRACT;, This study was conducted to evaluate the environmental safety of varius municipal solid wastes
by acute toxicity test using Daphnia magna. Samples examined were fly ash from 3 municipal waste
incinerator plants, treatment matters of fly ash, compressed plastic and residue of incombustible wastes. The
bioassay was conducted by using a leachate of each waste. Toxicity of fly ash leachate to .magna was very
strong, and the toxicity level was dependent on the incineration type. The toxicity was influenced not only
hazardous substances such as heavy metals but also by salts that were contained at high concentrations in the
leachate. However factors affecting the toxicity level were much complicated it was impossible to specify the
reason. Toxicity of fly ash was lowered by both cement solidification and melting, which are the typical
treatment methods for fly ash. Compressed plastic and residue of incombustible wastes showed no acute
toxicity to D.magna. But the leachate contained high concentrations of Cu, which might cause strong toxicity.
Therefore, other constituents in the leachate had an effect of reducing the toxicity to D.magna.
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BT R AR E BAIL 1=,

AT, RIKEHEDR TV AV MWERLU/20, pH ARRFICHRM U2 BA 4 bR
HRICKEREEE G D WREMDPEZ SN0 £2°C, HCLIRIMEDIREA A L BE & U THALN
900mg/L TH > /=T &b, TN T BHREA 4 > 2EM U CRMGEKBAEGER % 17> 72 (NaCl
& UTHIBEKIZHEM) . 20K, BEKHEE2CHELSNT, HEAZ VIRNOZE I NS WED L
HEZbNE, BB, pH ZHMEMEICHAE L ZBICWEDSE UREBELH o120, MEMokiEE
TR BT o 20 F72, AT P EOEEZFHNT 2 2 L BEHB TRV, EELE
B2 [ CHMRIGERE 22 FEEDE MO B ER &2 KT 2 72D M~ ot mE o Btk & it
BLTIBLENSH D, I, BHBERRTEYEO SHOMS 23§ 2 5oy, REE2T
LB DS 50% e B R T REREEEE (EC50:Median Effective Concentration DMl N T,
ZZT, AWK TH ECS0 BLUZD 95%aHIXE % KDz BRBBUCE U TR FIRE 4T H
1,000ppm FFHE (FYERRRLY) 2 v, OO EIL ZnS0,-7H,0, NaCl, KC1, CaCl,-2H,0, MgSO,-
TH,O ()b - K50) 2R L, SFHEKICBEMI 2, ABfSR2 70y MM DB3 32 2iC X
D EC50 & Z D 95SUHAGTRIX [H % Kb Tz o

3. MR E A% . e
£3 B EEWEOEC5035 1L U95%EHE K Flme /1)

3.1 AAEYTTO Ak JLEDT EC50 95 ZRAIL T

53 m T OE w ML o Tk 7 & L Cd[CdINOy),] 0.276 0.223 ~ 0.341

* ) ‘ J‘? k {% * Po[Pb(NO,),] 1.051 0.835 ~ 1.333
WEID BCS0 B L ZE D 95% G % /R, CrlK,Cr,0;] 0.355 0.323 ~ 0.386
- i P N CulCu(NO,),] 0.0149 0.0125 ~ 0.0173
o WA fit ® p - >2 )

DI - OABRDSHI L&D TH D Zn{ZnS0,* 7H,0] 0.894 0.025 ~ 2.234
P, R BE S <, KTz BECS50 i Cr Na[NaCl] 2084 2471 ~ 2398
o . . - KIKCI] 469 450 ~ 493
B L it Tomasik 5 OHF%E (0.3mg/L) I Ca[CaCl,-2H,0] 1197 1076 ~ 1184
Mt Z 5L, CalZBI LTI Sorvari & DS Mg[MgSO,- 7H 0] 969 869 ~ 1120

(EC50:0.022mg/L, 95%AZHHIX [ 0.014~0.035mg/L) DITHEVMATH o720 LD L, Zn HUHHE 550
TIE, SHE FROEH 1,000ppm AZEEE[Zn(NO,), % IV 255, JEEEASE < o 72T Hedrb & K
BLERD FH5, MEEEDPREINTE»DD 6 TIHERDLZIRNIRE Dunagna ODRISHLE L
BB E B A SNz, LD, HTNWDREE ZnSO BB L TH 5, 95s%sxXEicidiEs o
EHHENTE DD BCSO idi X 20%8E UpiED R oz, &F, Zn il LT, O Sorvari 5
DIFFETH 5% 3.4~ 18mg/L LA < o TNABI s, BEALIIN T AHERDE
LD Tl 52 505,
3.2 il S AHBEAIRIE HI O S B 53 B il 1

8 T & ABEA AW O CIEB O AT R X 4125T . BB, 2 UL HEIE R POFREE T
HO, WEICHWRIAKICEENDBEEE USIO IR0, [l A TIE AS @ Cd DIANS IR
VHELTICHRESN TV D 2 TCOHEBE THEELI T TH D, MIAEDIOAD E AS DR DA
BRI £EZ BNDe R M—HHRNTIE B2, B3 T Pb BEENZBZ TRIHS W=D, Al
DEAIZLD C1I T Hg » Pb - Se - As DRI S, REFREDEED KSW, o, My
Po#HDETRDNT CLBROHERRIKEFZEZ 5N D,
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PR D.magna 2GR ERBRIZ BT 2 HEYE O BCS0 L DB £1T 5 &, 5ER A Tld AS T Cd,
Al £ A4 T Cr, A4 T Cu, ETOEBIBTK, Al £ A2 T Ca P EC50 #Z Tz, — ik B,
ClzB\TlE, B2, B3, C1 ¢ Pb, Bl T Cr, B2, B3, C1 CZn, C1 CTNa, ETOBEHETK - Ca
EZ L OWEMNECS BB LTV, /0T, ETCOMKNBHFLEZRL, SO erErErEc
BET 2 FHaND, FHEMERB, CO ECSOEBYWHEBDMER AICH~RTE L, HEBEEN
Zehrs, FOBHMELENI EHTRHITES,

4 FZ BRI A R D S HTEE B

Skl I T ER % (me/L)

pl{ | TOC| Hg Cd Ph Cr Se As Zn Cu Na K Ca Mg

Al 10.13] 6 N.D. 0.005 N.D. 0.62 N.D. N.D. j0.006 0.009]| 1018 667 1273 1.107
A2 9.65 20 { N.D. N.D. N.D. 0.109 N.D. N.D. 1 0.02 0.0021] 1296 682 1300 1.979
A3 9.97 - N.D. N.D. N.D. N.D. N.D. N.D. ]0.018 N.D. | 1120 700 827 0.734
A4 {11.30f 9 N.D. 0.009 0.091 0.671 N.D. N.D. |0.029 0.0191( 1124 811 975  0.947

Ab 111601 7.6 IN.D. ¢.376 0.177 N.D. 0.27 0.205]0.012 N.D. ] 2191 1209 826 0.243
Bl 10.85] 16 |N.D. N.D. N.D. 0.798 N.D. N.D. [0.033 N.D.|2151 2128 1566 0.995

B2 [12.54] - IN.D. 0.009 2883 0.123 N.D. N.D. [1.328 0.05 1089 1414 5556 0.002
B3 {12.63] - IN.D. 0.01 3297 6173 N.D. N.D. |1.358 0.05 | 1338 1348 5538 0.234
Ccl l12.42] 20 |04 ND. 10.768 0.085 0.512 0.385]2.955 0.051]3478 3382 2660 N.D.
EC50 0.276 1.051 0.355 - - Jo0.894 0.0149] 2284 469 1127 969
%%%ﬁé%@ﬁ%fﬁo 005 0.3 0.3 1.5% 0.3 0.3 - - - - :
ICPE & FER 0.1 0.004 _0.05 _0.005 0.15 _0.15 ]0.005 0.0002{ 0.01 _0.15_0.0002 0.0002
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Hho#Et OLEE T o7z, K4 1d Cd-Cr B 5
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04mg/L IZHIMTIE 75%DMkAE %5 S TEE
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EETHH, BHEO -HIZR>TWEEEZL SN,

L < ECSO 2L K (M 6) e ToRET
100% D Z R TEEL FTHRILE N, Al~A4 TIX
12 HFWTH K B 5 2 5 h 2k ERIED
2720 P2 T, BTCORMWB LW AL-AL D 12 FIRT
FKOREREEEE LI THWEI W RBINTE, £
727 & D A1, A2 DJFRD Ca ISR T 75% L0 L
OHEZEZTHTHD, CalCHRKIRFEEZIT TN
BT EMREE Nz,

BT 5 DT o 2B H CHBERIRIK (AR L)
ORI T 1, (LA OEE Cd, Pb, Zn HVAEH!
WOBHICEHF G LT\ LHRIWED, SMAT vt
1 OER Cd, PrIZZFOHFHIIHELFLTHELT, Ihe
frELEELTEZFOI Y a2 :mMIEEDS
BN EDTRENTN S, AFFIC B T — R IR
%énfm%ﬁffﬁ IMA, EREDEY A A X Ak

LD E B =TV A Y Al @ﬂﬁ”’#iﬁu\?y
%@?ﬁ%fﬁiﬁ®kﬁ(ﬁ;¥%ﬁ =, BHMEP ORERNE
6 U TR KA TH S D.magna DOMEKIHED —
WeigodbDeEZ N5, ZOMEIZR b—HiRKE

SROMEE B, CHHEIRLZRIKTHEBRICA S Nz,

HROBERASOE IR DT, — SN,
HER, BHRYOWT PR :f;ﬁéﬁén% 7, &alo
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HRTIE, A3 DATCHERNEREBEON2BENERGEE LI s, HEC L > TEEDIFH<
EN2EVNREABECREI »T0wWEEEIONS, LML, SHFHEiONSRE Lk =WEIC
X5 EEOHEN M EMEHOFE ST ETER,

LLED & SIZ, Dmagna \25 T 2 RGETRO SHHBRIZEFICEME T, fMrosBoHE» 51
FHTCERNDDTH o Jeo W THED S THICMA TAHINA A7 v £ 1 2 HEdli 7o+ X
ELTEHATIODBENRBERZEMERTFHRICRD L EIOND, ML, BEDERTIIREULY
WHEHDORAKTH 2FEPMOBH ERYE 2 22 BB T2 2 IR TRESE N L5, AlklEk
FHEARR % it BHOEKRICHEN 5 2 SIEIBUERCIER W TRV SR % Bl 7 o ¢

ZIZEAL, BEPENEZGEAZEEFNEZHEHI 2 TREZHAANDS ) WS HTHASHREOTH D,
PRV B EM AL O REELRS IR D2 HDEEZ LN D,

3.5 AR O A S
FPRIALIRYI D 53 AT fE R B L U Domagna mMEEIKH BB R E L 5 BLUR 8 IZZhZNRT,
5 HRILEMO 54 R (me/L)
g | R Vo HEL e [ (e /L)
pH Hg Cd Pb Cr Se As Zn Cu Na K Ca Mg
A5 11.60} N.D. 0.375 0.177 N.D. 0.27 0.205|0.012 N.D. } 2191 1209 826 0.243
A-cementl [12.36{ N.D. 0.03 ¢0.355 N.D. 0.27 0.202]0.047 0.074 ) 1618 886 773 0.011
B2 12.17| N.D. 0.009 2,883 0.123 N.D. N.D.|1.328 0.05 | 1089 1414 5556 0.002
B2-slag |12.83| N.D. N.D. N.D. N.D. N.D. N.D.[0.08 N.D.}|259 190 1173 0.012
B2-cement | 12.58] N.D. 0.007 0.269 0.01 N.D. N.D.10.055 0.009 | 656 969 2911 0.051

C’1 12.62| N.D. N.D. 0.202 0.016 0.192 0.202{ 0.27 0.195| 970 371 703 0.011
C'-slagl | 8.01 [N.D. N.D. N.D. N.D. N.D. N.D.|0.007 N.D. |23.98 5.977 58.42 8.3l

EC50 - 0.276 1.051 0.355 - - T0.894 0.0149] 2284 469 1127 969
FEBEMNI LY 10.005 03 03 5% 03 03] - - - -
N.D.:ICPE & TFIRLLT MoNiznl T#:ECS0MBIE AR R HE K

KR ORIK B2 Tl 1/4 FIHR T D 100%D ok HE

FE R UK L, B2-cement Tl 1/4 7T 0%, S

B2slag KB LT 12 BT S 05T 0 60, 1O B B 02 men

t AV M EMLE SR LRI K A0 d R 8B 8E2

PR AR FRCH 5 T LR E L, & 60f]/ R
S A THEBICE BN TS Acement] i, g 0f]1E nC'l

AU ISR LT AS Xt~ e Flttamoae K 2001 _ HC el

BITEE-o T THUE, ECS0 2@ LT K e 1 NV

DEMEBESERLZVL AV E TIA 5 RRN AR

ZEH-BHEEZ BN, LD L, Acement] i 172 BB HRILTRPOMRBRR

TR CHKHER 0% L o> TNV 2DITH L, fEER A D SERIL 7RI T 12 FHRIZHBN T 0%D Eik
EZRLEZDOERP o7 (K 2) £REFEITHEEN 2em, HIH dem OMRIZRAINTZ
DEFHITHENTWBIZE LS, My B UBERTHHAREZTT > Tnh5, DT &
ek hiE, fak A TITbhTnd A 2 M EHEUERIZ A Se PR AETH D L EZ 5N,

C-slagl BIE T, ABEROER C1OBUMENC LEH LD 75%H > =EkHEEREZ DT »
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5% EMS BTNz #o T, MERR C TIIbN T 2 ARIELALIEIZOKE R DN 3 3 5 St (K
%%@k%mztﬁ%énto
3.6 TR AR

BN ﬁﬂ@%ﬁ%i%i@%ﬁﬁ@m SRS IRZ L 6 17T o RO Ak el
@ﬁﬁkﬁiénfwééﬁfﬁﬁﬁémqu&b IR TR O AREEBLR & & 2 & = S e
DARBHEHOESNEN, LD LETORE T Cu b EC50 28 L, Plasticl Ti& Zn & EC50 % B8
LTmaEh, nEterddol I NE,

F6 AR DB O ST S B L OVARME I kP E R ER R

. I Ve T P (me/ L) 3z KB 5 7
" pH [TOC] Cd  Pb Cr | Zn Cu | Na K Ca Mg (%)
Plasticl 7.24] - |N.D. 0.128 0.015[1.308 0.481| 32.9 14.7 25.2 4.097 5
PlasticZ 8.02| - [0.004 N.D. 0.004] 0.51 0.405| 38.2 11.1 32.3 5.855 0
Plastic3 8.09{ 67 [N.D. N.D. 0.047{0.096 1.274] 66.4 12.6 77.1 14.5 10
PlasticA | 8.08 | 191 | N.D. 0.054 0.121}0.353 1.818| 220 35.4 129 32.7 0
PlasticB | 7.85 | 248 |N.D. N.D. 0.142} 0.34 2.632{ 221 35.3 129 34.1 0
ML 9.6 | 97 [N.D. N.D. 0.103}0.066 0.218] 81  25.1 234 8.687 0
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