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bAREOALAKEIZIZE FoREORES H L
L7k B SR A M ASERE DLW B 1T D W TR E
ENTWE, ZOKEREERIIESRE, BRREH
BEREOLFWE,ORY, RFAREEH L LT2%6
HE, EEREE L LTREBOLEWEIIOWTZE
NENEEMES L CREHMEIRITON T 5. EEH
HHOREBIZSHDT— ¥ —DEMRED L REHIEE
BAOBITHHBSNE, LaL, ZoKEARERE
Zb P OREOCREY BRE LRETHY, KEE
BRNOEBIIOVTEZEEA TR, /2, A
W (1998) 1, BAEOKERSELE B4, OFEYWE
REMICER L L EOREEY BIERINTEY,
BEERIZOVWTIE T o BEIN TV RN & %
BRLTw5E. ZROFEYEIHE LLIRETOE
AR %FWFEMIZ 2 \W T, Sprague (1990) i, ¥
ERICISEEOEERES/LFELTBY, B0t

REWREPLBE—0FEWH IO TOFEEE T
P TIEBREICNS 2 nE L, KEERROBREDT:
DIIREYWEORAENB L S EEOKAELEY I
L2 HEEOFMEDLEREEEFAL T 5
AT, KEREEELERT HILEWEOE
EFME, FRE Selenastrum capricornutum 2 &
LHGEHERE S L URETFRBMED I X 2 BHE
HERBICLDEHME L. &8, S capricornutum
&5/ 3ft, Pseudokirchneriella subcapitata & %%5
PEEENTV S0, AR TIIERDEH TR
HEB X OHE

1. #&E9HE
REOMEEAERRICHAVERIZEZF L - MO
Na,EDTA - 2H;0 %5, KEFREMEY (KEMAE
W) 2k AEEHEEEABRICH W (BRK) 12
Y UEBBERESE IR TWT, FhEREEBHEE X
L— MESWHEB L UTLEY R AR T 5. KIFETI,

*HE BRRaurrao-
*ORE ERASHBARLTKERE
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SRERBRVIKEAREEEEEOHRL ZITE D
LEMEIZOWTRERT 5 2 & 2.0 )72, AT
REL7-3EHOLEWE ((LEMEOLEHORIT*
D<T—2) % Table 1IIRT. HHEWEOREEE L
THRERBHAES LUBERERE (£4, kM
) RV B, ThoftEME0RERIES R
e LTT7E MU, 2T —=L2T L V2H
WHNTWG, #2°T, FHFFRBRE LTHWZ
NHOFHEI S AIMERTH - /2

Table 1.

2. #EMBEORERBRROAE S SURBKD
E

ST E, ERHAEE, RRAEEE L EER
HEx2 &Y, 3SEROBRSABEEAHL -, £
¥, EEEHEORAGRBEROSAII3EE, BE
HEE ORSRBREOHAIZISABIZOWT LR L7z
BHUAWEOBRM %, VA FNVANKFY F (DMSO,
FekisEs) CRML AL LREAL, HEEL LU
$HMEDI000F5EE DR AR L AR L2, Kiz, #
IS HEARRH B L OVREMAED I L 2 EHEHE
REBH ORESRBRIEIIBMAKIZL Y, T— o AR

Environmental water quality standards relating to human health in Japan.

The chemicals used in the present study are indicated by an asterisk.

Environmental standard items

Items requiring close monitoring

Item Standard Ttem Guideline
level (ppb) level (ppb)

Cadmium 10 Chloroform™* 60
Cyanide N.D. trans-1,2-Dichloroethylene™ 40
Lead 10 1,2-Dichloropropane™ 60
Hexavalent Chromium 50 p-Dichlorobenzene® 300
Arsenic 10 Isoxathion® 8
Total Mercury 0.5  Diazinon™ 5
Alkyl Mercury N.D. Fenitrothion* 3
PCB N.D. Isoprothiolane™® 40
Dichloromethane* 20 Oxine-Copper™* 40
Carbon Tetrachloride* 2 Chlorothalonil* 50
1,2-Dichloroethane® 4 Propyzamide* 8
1,1-Dichloroethylene* 20 EPN* 6
cis-1,2-Dichloroethylene* 40 Dichlorvos* 8
1,1,1-Trichloroethane* (ppm) 1 Fenobucarb® 30
1,1,2-Trichloroethane* 6  Iprobenfos* 8
Trichloroethylene™® 30 Chlornitrofen -
Tetrachloroethylene* 10 Toluene™ 600
1,3-Dichloropropene® -2 Xylene* 400
Thiram* 6 bis(2-Ethylhexyl) phthalate™® 60
Simazine 3 Nickel -
Thiobencarb* 20 Molybdenum 70
Benzene® 10 Antimony -
Selenium 10

Nitrate- and Nitrite-

nitrogen (ppm) 10

Fluorine 800

Boron (ppm) 1

N.D.: Not detectable. The term “not detectable” refers to the fact that when the level
of the chemical in the water sample was determined by the method designated by the
Director General of the Ministry of the Environment, the result of the determination
was below the fixed-amount limit of the said method.
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OELSREBWIZ DMSO 2L, E5I1I2FN0 6 2 3E#
B L OIREHEDWEDREIC 25 L) FERLE. £
OF, BIEFEEE, FEHED, REXEHERX
VCEEREHZRA L/KEREREEEO 3EED
BERBRARAL L. ARLAZBEAREO—ER
B2 R U - B S e o R E Ok
IR ERELEETH L. B, EFHR
WBEOREHEMED X REHERRE 2 20T, RUtAWE
OEEROFFABERAET 256, SHAWED
DMSO TOFHMEIEE L 72, LI AT, FHEY
HOBHEIIE ER Lo FEIMER STV B2, &

B OFHH b SREY ORIEOWIES X UREME

YL AMEEBEYHET A EAFEEINSE. £2T
SHEHEOBARBE N ZENIZHHHEINBE 2 51T 7-.
BAEFIRBEXOSHHREEOTRE MW EOR
AR OFUFIHICE L TITo 7. FOBFINEK
DEFHHNRE ISR A RBE O D BHIRE & fkm
WCIEFAEECTho 7. B, REABRETEMKTE
LTSN BX R 72, Lo TRBIRTEHEEBRE
ELT, BEEEEERRX (1SEEOMAWERHE),
EEREIRRBRRX (1ISEEOREWEER) BIUK
BREEEEARRK QIEEOURAWEESSH) Tk
i}, LI ENENOSEHAINERX, BAHREAEE
HAoEax X, EEREE SEEINRX S L UKE
TR AEE B HFNRE, £ L TEedBX L2k
7.

3. iRREMEERER

(1) #%

AEFFE TRV RE S, capricornutum 1%, #H
EAME - AMBE 7 + —F 2001825, 2
BOWPRERTH D, ZOBRBIIEREN L EFREK
HEToOEBREOEKSIZERL, BESGORIIC
L BB, BRIBS TRE L /EHED
BohstsbhTns,

(2) LA

S. capricornutum O XRAF B L OCHEAH
e LCEBRER (15, 1982 ; APHA et al.,
1989a) 2 HW/z. FoR#t, HERE (18x180
mm) (210.0ml 8D f 2 fk XA E H, 100ml @
ZAT7IATIROmMI B BARASERE L, WE
BN Ly ZARMTH L, WEBOEHITA—
Z7L—7CHEL QRE, 120C, 154) ERTH
BRI L 72,

(3) EFERAERERE

bk U7 STEBEORAFERG, SHEEOLHARE
W L ORBHUKO L1 .0m] 24t HEEBICMZ &
L%, HAERBHEZ1L.0mlBEL (BEfOM)
R ORI 10 cells/ml), TEFRIEEZEL,
THRAERER 1T o 72, BRI, HREBESHP MRy
BORBEIREFGICEIKERBEEEETHS. 4B,
HREOHEMREBR L, APHA et al., (1989a) @
& IeV, NEEREHORRELBEERERE LT
#AE L7z, RS, BiR22~24TC, gEawuT%
F23,900~4,1001x % 1 HIC12BRRI MRS L 72, BRI
BETH, SREASBELCHEBEL, RETT
Burker-Turk MZk#E % Av-Ciifazgz sl L7-. ¥
FERRERARRIE, LB LX) I 3EEOREBR, #h
FN 3 FEEOSFFI X B L et iBRICH LT,
Ha SMERBS, TO/REIMOFHE LTRLL.
B, HRAAKHA~OREGRRE, SPFEIEAES L
LMK DT, HRAEBRBROBREILI Y — R
F (A, ELA . PCV-T50AP) W TITo 7z,

4. KEWHEMICLZEEBEEERE

RN & B EEE RERBII A 2R
HEE (BOD) MwEiE (APHA et al., 1989b) #%
IGH LTt 72, Blh, MEEBHERRTE, ARE
BRELTERMETI ZEORDYIZV ) aefFE D
ZATIAIER, KEMEWZ L LAFBRRNE
EORbYIHEL LTI/ V- AEEETHIE L.

(1) HEfE%

WREEE L TEBATEROS 4 BRIIOBEORAIIKE
Hwz. 20k %E ZiR20°C O E T24~ 3655 H
BL, ZOLEREHEERE Lz, 2 OMER % A6
FECIIKREREDFEE L TRV,

(2) tEFERIRK

FHUKIE LR L7 BOD BB IcE UFRAB L. 48
FERS0m] /IR TL LICERL, HMESARAKE L
2. TOBFIKITEE Lz & D AL TIIEEIZ Y
5.

(3) FNaA—-XBLVT 4% I L BATFHERIRK
DA

TNA—ABLUOTINVY I8 (K4, FGHERE)
%£1000ppm ORABEEE ZNEN0ppm (2% 5 X9
ICHERERFOKICIE, Va2 —RABILUI VY I VB
HIEEREREATOR AR L2, BB, KEBEWZLS
EBEREBR L D14 ), 7L a— A0S
EERE L, 20O, 7Vva— 2AEE530ppm



148 N E

W ¥ b

PECIRARERaE T 50T, BE LRVt
FROERE3Oppm % RERBR E LTHW/2, Bl L7
EMBEEERRTHV100ml P=H7 9 A2
(V) ok L RITEBBEFA) I, FVa—2B&
U7 Vg 3 vBEEFREERTOR39.0ml WY, KA
YN X DEEHBEHERBRICH V.

(4) FEHEBEERRE

bR L7z 3FEEORARBRES X U 3 BEOHEHH
BEWRB L OBHADI.Om] %2, #NEFNT7VIT—R
BLUT VS I VERELFRHERIUKICMZ & CHEREL
7ok, BEHEBEERBREITo4. BRI, TOWMER
Fokh DM E OB SRR IR ERBEEEME
Thsb. HEHEREREBRITIERE20CORETIZ30~40
BEHEL &4 TITo/z. 0BMERE, 28N
BEIHEREZAEL, ROBEHEEORVHRKX

Complete control

Dispersant control A

Environmental
standard items

Dispersant control B

Items requiring close
monitoring

Dispersant control C

Environmental water
quality standard items

(SEEXHRX) OERENE ppm IZETFHRo72
ZAHTHEHBHERBREKRT L. BREOEREI7
J = V- EEBEE (Dubois et al., 1956) Ti1-o 7.
L, BEBEEEARELOMICE %7 =/ — VKA
W (w/v) 1.0ml, BHBES ml 2N BL SHEL,
HF40nm CREELBEL, HRETEE L.
FEHBHERRL, LB LA LS5 3EHEOMEK,
FNEFN IBEOSFHMBX B L UEERE IR
LT, &4 3#MEHRT, ZOBRIIIHADFHELT
£L7%.

HRB L OEE

1. FCRIEEEERR
B MR B OMHEMIZ S (X10%cells/ml)
13, AR HEX172.9117.6, BFEEEEEH HERX99.2

50 100
Percentage (%)

Fig. 1. The effects of mixtures of many chemi-
cals from among the environmental
water quality standard items on the
growth of Selenastrum capricornutum.
The green alga was cultured in medium
under the various conditions containing
each of three kinds of test solutions and
dispersant controls. The concentrations

and kinds

dispersants used for

dispersant controls A, B and C were the
same as those of each of the three kinds
of test solutions, respectively. Ultrapure
water was used instead of dispersants for
complete control. The percentage of the
number of cells of the green alga for
each of the three kinds of test solutions
and dispersant controls is shown, in
comparison with that of the complete

control.
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+8.2, EEHEERRIX106.6+19.2, K EIERELE
FEHRERIX86.6-17.0, BEsEs i IE B4 HHAIx B X
171.4+14.8, EEAHIHE S8HIHHEX168.3+18.65
X OUKE BRI ETE B I X 152.9416.1CH >
72, SRS OMREMIEEE K, EAMRK L L
LI OWHEE ¢ AR TR L AR % Fig. 1
DR, COMBEPSHEIT S L, ERARER L EA
BHE AT B A HE R, EEAE B S BRI X
B L ONKERFEERE SHFINBEONRIZ, (a5
Wi LRER S L) Th L. TOERIE, =
SRR ARG EEI BRI HRREOMERE T %
B SR DR AR LD L E A DND,

Complete control

Dispersant control A
Environmental
standard items
Dispersant control B
Items requiring close

monitoring
Dispersant control C

Environmental water
quality standard items

—77, HRAEMREOLE, FEEEEHRERXET.3
%, EEHIEHRBRX61.7% 38 & UKERFERLEEE
HERIX50.1% TH h, HABEOMEHSSLIZHES L
7o, BAICEME L &SR T 20 EH OBEM
ABROVEFAEICHNEREZEZONS. 4B, &4
DFBHFNBEOHR LB T2 &, FBHINEXIZ
w LT, SREMREOL (%) &, REEEEAR
BRIX57.9%, EEHEHERRIX63.3% 8 L UKEERSE
HEHAHERXS6.6%TH Y, HRAEOHEIHINR AL
EMEIC L VEESNAILBHELITHS.

50 100

Percentage (%)

Fig. 2. The effects of mixtures of many chemi-
cals from among the environmental
water quality standard items on the glu-

cose consumption

of microorganism

populations. The microorganism popula-
tions were cultured in medium contain-
ing a glucose concentration of 30 ppm
under the various conditions containing
each of three kinds of test solutions and
dispersant controls. The concentrations

and kinds

dispersants used for

dispersant controls A, B and C were the
same as those of the three kinds of test
solutions, respectively. Ultrapure water
was used instead of dispersants for com-

plete control.

The percentage of the

amount of glucose consumption of the
microorganism populations for each of
the three kinds of test solutions and
dispersant controls is shown, in com-
parison with that of the complete con-

trol.
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2. KEMEMIC L FEHBHEEHR

KEMAEDIC L AHEHEEE (ppm) &, TEMNR
[X26.7+1.2, HEAAEEEHHFRKX14.3£0.8, HEHR
HEARX11.8+1.0, KERBEREEHHEFRKERX10.2
+0.9, BEALEEHSBHFIMNEX23.8+1.5, EEHR
HEAEFIAEX20.0+1.18 L OKEREEEEE
SEHINER16.0+1.5TH-o72. INOEHEE Y
i, BENBEREMELUEEREELESETR
L7zER% Fig. 212 T. COMBIRERBERE
KREFEREEML TS, BIH, EEBXE by,
TREILHETE H ik R X, BRI B 4 B X
B L OUKE SRR EETE B A HEI RIX ONRLS, KAEH
AW L DREHEBENHEL I, CORRIL, ARE
WIEHERBERIZOVWTERL - LRk, Z2&X5
B2 S B FR R I B I E % 32 72 E S 45
BRI oEESEMLzhbEEZOND. —F, HEH
EEOIE, REEHHEIEERBKX53.6%, ZEHAEE
RERIX44.2% 3 & UK E IR AHETH B AR X 38.3% T
HY, WEHEEFSHIHEESN/:. BA{LEYEE
& B ICHEFT B 5 EF O RBEDIKAEMAEWIZ L HHEH
BHEICHENBRLEIOND, 2B, £4D5HK
HixtHEX OBRE BT S &, FHHEEOH (%) 11,
BRI T H HERX60.1%, EEHIEE HAEX58.9%
BIUKERELEEHFRRX63.T%TH Y, KREM
AW L D EEEESRACEDREICE D EES L
ZEIEHL P TH .

%738, Maron and Ames (1983) D #iFIZHEVy,
T—AARER (EREMHER) KL 2 LR L35
HEORARBES L U030 R X 0% R FEME O FH
BiTo 7. WREARIIY VE X T H TAL0K (Sal-
monella Typhimurium TA100) T» 5. Z0H
7, a0 FEICEDLSY, SEHEORAGRER
BB L 3 EBOSEFREATICERFIEIZRERE S 1
drolz, AH, T—AZAREBTHWIERIEE
BERBOEREWEZ MU TEDLERTH Y, TAR
B Lo7L—uy7 FVRIOBEKE HOIVIEREN
PHEREINALMHEHEIZH 5.

Pk, RORETEIRERERE L OREMEWIC L 55
HERERBRER, S, KEREAELERT 2L
WA FEEMEDS X OIESHEOBRE TRET 5 L KkEE
WOEFIZE > THFF LW EHETS M, BIEDK
BRELREOKEEY OHFEOREINT T 2 REWEHN
Bbni. B, MREEREOFMzBVTIE, #HR
LW E L o EE & OBEATEROTERIEIZ OV THH
FLRTNEESRVOIEERTHS. 510, KE

BOREHETH H 4SO E 2 55 %5, RERIC
HSINZZDEVEEOMFMEIZOWTTH D, ABF
FITKERRELE IOV T oL EEE T MAR
Tl % v,

KEEERLER T 2EMBLOWEE TH LA
BLURHBEIC LKEREXEHRBEOE —YWHED
HEEBICMEZITTLEELRREL RIZT L
VO EEFSHL., AEMEROS-T I/ VT VB
BikBER (ALA-D) ZEEIC T 2KFGOEME
FHEFES 2 0O HHM THRN 2 ZESRER
THRBROIGEBERZE LA TH S (Hodson
et al., 1977). 34 Cyprinus carpio ®¥ v 7 F
Carassius auratus langsdorfii ML+ ® ALA-D
2L LRBEEREH OKP O E#EE]10ppb
~OBRERBRERDP L, KO EPEHIATVS
(Nakagawa et al., 1995; Nakagawa et al.,
1997). IARF Y T FEKHEEE10ppb (CIBET
e, BEMME DI AREME P OHRIERE
FEAL, FAICHVABEIEFT ALA-D HH I
BT LAz CoRIE, REEEHEEOKTHE—
DEERIZTTORENEEFELRIZT I L8
HEN. T, W FIv AT AREOENEER
&, flagfish Jordanella floridae Ti34.1-8.1ppb
(Spehar, 1976), brook trout Salvelinus fontinalis
Ti31.7-3.4ppb (Benoit et al., 1976) TN 5.
REHLEFEHON FI v L0HKEMEIZI0ppb TH Y,
HFEIVLAHE—DESESTTHAENELEMLE
BIZFTENBEEEINE, SHIZ, 7INVEYLT
VA%V (DEHP) O 3ppb A4 I Vv o
Daphnia magna %21 HHEE T 5 £ 60% O FFHH
EEFIERITIEITRESNTV S (Mayer and
Sanders, 1973). EE#IEE ® DEHP O3E4HEIL60
ppbTH 1, BH—DILEWEZ T T AAITV 3
BELGEBYRITTIEFBEENE. DEDL ),
AERHHAAE C  OREOREI WD HEHETHY,
HEMBOER I H 7o TREAEY~DOEEIZH L T
AVEEEINTVAREVWES THA.

BEOBRBAKIIZEREEEOLEWEIEEL,
SHOWMEANIIF L7250 TOREEY~OHHEH
PHEERICL 2B EMEOBEAW LB SR I
Twa, AFT2ESREMBIVESLEBE L REA
o Imidacloprid MORETERIZOWT, 445 (2000)
X D. magna ¥ AW EREERRE L OSESEH
b, MRIEH, EHERB X CHIMER 2 &S0
EHRBEFROFELZREL W5, $72, KL
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RAROEYMIL, BER EOEES, FRESEELR
FOMBEBIUNS 7)Y i EOSRE R EETEE
OKEEY THEINDD, FEWE T 5 EEHE
BRESERDEEZOND., KEEBROREDT:
DIz, B—0FEWEIZOWTOEEFMIzE O
- TR L, STEEOKEEY T HRE{LE
YE OSBRI D WK B BRI R fE D
e L EN5.

ARFZETIE, KERBEEELBRT2ILFEWEOYE
SEWE, % Selenastrum capricornutum (2 X
LEFEHERRE & UKETR MY kEmE)
Wk AMENEEERBICL VEEL, ROBEEEL.
L, REEREEBRBRXIIISEHOLEDYE, BE
HEBHBXIZISEEOEYWH, REEEHELE
EMEE A b e B K RBEEEE HHRKX)
SR OLEYE S, REEB LUK EORET
RETBEMETCREETo 7, SEFIOEELB LU
IOV TIFRERX & 53 R AR L7,
BEOMHAERBROER, HAEMBHOL (%)
i, SEFEREICE LT, REEEHERBRXE
57.9%, EESHEHRBRXI363.3%, BLUKERE
FHHETE BABRIXI356.6% TH v, HABEOWIELHE
ENsz. REMEDOEHEEHEERBROKR, HHE
B (%) &, SBEFIRERICH LT, REEER
HERIX1360.1%, ZEEHLEHHAERKXIZ58.9%, B X
UNEBRIEHEE H AR IZ63.7% TH 1), EHEE
BHE SNz, KERBELEOLEMEL X URIET
LS B DOILEWELS R T, FREOMEE J UK
EMEMOBEELHET S I LIIHL P THS. &
25T, kL7 3TEHOBARREE L U5 BHIxT
BROZEZBEHOFHE LT, T IVELTH TAL00
(Salmonella Typhimurium TA100) %fAv:/ox—
LARE T, REFEHILOFTEIIEDLST, TEK
HEEESN Lotz LEOREREN,S, KERER
BEBRT ALY E AR EED L CEHEDRE T
HIFT B EKEEMOEFIZE > TIFE L VKB
bR R F (AN

Eil 32

FFERZTHICLEY), FRLHUBHELHY LA
MEEKECEMORARMARK, =1 sXRBELH
1RHTH - 7R R R RIS AT O 1 BB 2 BT 0 &
VEHOELERLET.

3 [N
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Fish. Res. Bd. Can., 33: 1939-1945 EASIEME 1982 MEAEHENHALT (AGP RE).
Sprague, J.B. 1990 Chapter 15, Aquatic HANEEER B SR  MERERATR. &
Toxicology. In “Methods for Fish Biol- EREEWR RS, F, 193-1995H
ogy”, ed. by C.B. Schreck and P.B. PR 1998 NAF7 vt DR, HAEZ -
Moyle, American Fisheries Society, PIBEMRESR - N1 3T v kA4 KBREOVAIE
Bethesda, pp.491-528 o B Ay 7407, BEK, 1-13H
Summary

This study was conducted in order to evaluate the combined action of chemicals on the
growth of the green alga, Selenastrum capricornutum and on the glucose consumption
of microorganism populations in medium where many chemicals from among the envi-
ronmental water quality standard items relating to human health in Japan coexist.
Tests were conducted under three conditions: (1) medium containing a mixture of the
standard levels of 13 chemicals from among the environmental standard items (26
chemicals); (2) medium containing a mixture of the guideline levels of 18 chemicals
from among the items requiring close monitoring (22 chemicals); (8) medium contain-
ing a mixture of the standard levels plus the guideline levels of a combination of the 31
chemicals from among the environmental standard items and the items requiring close
monitoring (environmental water quality standard items). The three kinds of tests and
their respective dispersant controls (A), (B) and (C) were the same as regards the con-
centrations and kinds of dispersants used.

The results are summarized as follows. »

1) At the end of the growth inhibition tests, the number of cells of the test alga in the
above tests (1), (2) and (3) had decreased to 57.9, 63.3 and 56.6%, respectively, in com-
parison with the findings for each of the dispersant controls. The growth of the test
alga was inhibited under each of the three test conditions.

2) At the end of the glucose consumption inhibition tests, the amount of glucose con-
sumption of the test microorganisms in the above tests (1), (2) and (3) had decreased to
60.1, 58.9 and 63.7%, respectively, in comparison with the findings for each of the
dispersant controls. The amount of glucose consumption of the test microorganisms
was inhibited under each of the three test conditions.

3) In addition, the mutagenicities under each of the three test conditions-and those of
each of the dispersant controls were examined by the Ames test using Salmonella
Typhimurium TA100. However, mutagenicities were not observed either in the presence
or the absence of the microsomal preparation (S9mix).

Judging from the results described above, it would seem that the current environ-
mental water quality standards present some problems with regard to the protection of
living aquatic organisms in public water areas, such as rivers, lakes, and coastal wa-
ters where the standard levels and the guideline levels of many of the chemicals from
among the environmental water quality standard items coexist.



