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AFERAKIRCTA S 2 TBEKOKEEIE 2 2 HELFEOFER DL L, BEioKEEE
¥ L OBERMEIREEL T 5 & L IKBEHBCEET 2 KEFEELSILT 2B TEETHD, €
K ZACBE LS OB MT b T b,

THEKE L O FOTEEERS DKEEDTHT 2B EEDRBIEC I > TEESNRTE Y, BAAE
RS E L2 L LTk KoNie & HseLmorr (1897), BrLpING (1927), (KE51935), B4 (1955a)
7o & OBFEE BT AHE, KR4 - i (1939), FrHE - ik (1953), HZE (1955a) 7o & O BRECET
DWFge, B (1953), 1962, HEfs - FHE (1958) 7 & A BMEREWET2HE/LENH D, DR
B2z bR TB, L Lo bOWRaiist+s &, HEMERERMCH 2Rk ICRE CfTieh
HIcLDTHY, ERGUEIF—INTEDLT, FhERPICBT AHEKOKEZELCOWTIRA ST
BRI T, #o T, SO X5 ERC X - T b BERAEEREEENZ L, ks
R WTEET HEBYWEOB A EEENRT 55, HHEOEEEALTNKPCERT2EMECHL
THEDOEFHEATHOEFETIIIR . FEUKOKE 2 BRE— B RFFT 5 It i T Roa vt
oA, MAREDRBIIEEN L VER CTEENBATH D, FRREOEKEFTRAKELELT
BOT, BUi- Il (1950), #RE - Byl (1955) DISMCRERNRALLT, L oFEpEC WL
DT L 2R FEE S L STy,

T AT CE BRI AR R OV THEA L THRL, 2T EMCHE - EBZEIE LD
TARICETF Ui, A5, ETHEROMKARRBEEEDHERICOVCTHRE L, RWTZoSEEYH
WCETOTEREAKR LORKPICE Eh AE 4 BB ECRNMECHT28%Y, REOFIEERE, ik
TEE, MENBEERSIOCBEHCRETEERE, WO T+ ) OFER IUBREHERCRIT THER
BO6 7 HEHEC  DWTEBR L, X5 bIE R BT » T RS R LB Licb oTchh,
HETOKAEE R ORI & - TFETH B = &, HARREBR CHE LIcHEDE ORAMFC I T
HEE;ERRNFEREC SRR E L BECC &, ANEORBFRERER I CAOREC T TEEE
B REOBIR N CGENUEL, S b OBEREI TR OBIEL T 248 E LTHEHT
HDZEREREPRLENC LD T, ZICHET S,

BENARE L EEDD I ENRTEORD & LI UNKEESE W IE L 0B 5 D8R L A%
ZIBHOYH %R LB THY, ZICBELIVEHOBLEL T, FlokERFREEREEL,
FEALLEE L, FE#AEERT AR, B EOK EEPT 9T R L, WOKPK EEDT SR ATHT BB BA TR0,
PUREERSR ARG I, BRI SBERIL Y, REXERFRUESE, (WD ERTXMEHER, H3E
EFEKEKHEHRE EERKEXBSERERR, FETKERRSHPREK, BREBETERZERRK,
FIFETERERRCIIGR OB, St SHh4TEE, S bl n B PGKERRS, BF &,
TEAREAT, RS KK TR LS, BHSEKKYN TS, HIEERORE, BMERO J#Zics -
72o AEDF 2 UCE L g L R 5,
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1. REMH

HEEHY - WREE L OW D F 3B R CER L4 E 2~3 e fAE05~1gD o~ € (= 7 ~+ Chaeno-
gobius heptacanthus % XL 35D, ¥ x4 v+ (Therapon jarbua) 3 L0 35 (Mugil cephalus)
DR EFE 1.5~25cm, & 4~6g O79 VY (Venerupis philippinarum) % 3~5 A, FokbT
THRAET LR RBRCH Lis,  BRBUERBEABICIIIEENOM TR LichE 2~3cm D2 &%
(Aplocheilus latipes) ¥ LA ¥ = ¥ (Leander paucidens), O CEIN L2 =% F+ (Leander
serrifer) w—HORBIAEH L7,

HEFEDE : TEEKE UCTHBIREEKKFFTESED 72 v 74 /) — 0 BEERSER  (COD
9050 ppm) , WEMBKK TRTHOA R AKX (RREEE 450 ppm) ¥ L OBREE SRR (pH
2.6, Fet280ppm) D 3HEEA EMIZHR LIt ORI L,

THREAPCE ENDEERG & LU, GEE, Wy — &, HERSE—2, TR, WIS, s e
— &, WALy — 2, B Y, GREE, AAY 7 v =0, Bk TH, Bk IoE - liold@Ey
F, AEFEAIADEIEE K K R i 2 K CRBICHER Lc b DEFIR & L, SLHE OB MK E
BFRCBS TR BB B oD, WD L 3 5B THE L BERoMmey IR s Lic, 8
B 5IAT T REREY 3{ AN, CHICHHEEY 10~30gmmLTRBEL, 3045MER (EE
7cm, 120[81/5) /T 1 FEEEEE T 5, MUNoBEROBRE LA TRRYHEE L o HH 38, ChayEGs
Lico TadsiiiARBR OB i 3GEE G 11D Rk TL BER MBI RIS LU CEPOEE
DRENAE T 20T, FBRORES KM TRESME T2 X5 T ELHE L, FLIF-18 k%
FIGT 2 2 LI X o TERBER DR B E » — SR i s e e,

2. RBLNI 3FEAMECHIERERERE

ARSI LN R T X 5 BB Ui, I A iz 200 B F A By, 3%
OUF PEEE (19552) OER L c—ERBM THREXEH LT - 7o RO FEELMBTE a D&
ROWNEROKRE XA INE LT 5~25ml/ O & Uiz, B8 B ol Rcil T Uc ki3 5 KR
ELDFTLIc—EEBOKEEAY, ERBEERMECITHATS, CIIARE 6cm, £X 15m ORFE
T, 15 cm HFRICHRARTASE & RKREE 238 LT 0 oo KO ARILE 300 £ 50 ml/ &
EUBERCHA S, FomUKomEEir—c s 130 = 20ml/ 45+ LB L D iE X8, R
Di~Dell UFERR TR O % € =~ L TE 100ml/ 5 ASNDEE TRAKEZ A S8, EBK
L6 KT oD L oRRRR & U CIERE K E AR HA Lz, #HRAXIEEC X 108
DRV, BERBEOTEDERE L A F v v 7 ~FREBOCTHM - CTHE L TRV FRME S, X
BRBER OB EYEBEROBE»DEE Licd, S BEEEYEOHE IERTCEBIEERT -
TEDRERTE,DI, ERIXA—FEYEC>E 2B 7y, #F1EBXFHERE LBERNYE

R o R —
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<L, #B2EBUBEFHERERYSZFC L TREEMNEZES L, BREER ORI EMHETE di~
daZ B0z CRUKMHEERHET 5 2 L0 L > T e o, ERHIUEKD pH 2 ZZ 0 WS EIREK
B A HORBEEE e —EETOFRAKNCHE T Lic, FREEOVERE, FREHOFEEZETONT
BERT 5 & 5 IR 21770 » TRIC R RER 2 A L7,
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Fig. 1. Apparatus copable of giving varying concentrations of pollutanis to test tanks

with constantly flowing water.

A+ Reservoir for chemicals A’ : Reservoir for acid solution
B : Mixing tank C : Gradient tank
D : Test tank E : Water reservoir

EARGEERIIL 161 A DHFER L, Ky 1019 >AhfE 10 BT OE Lic, ARBIFRAIE
U TR B & MM S 0E LIRS R e T 5 B OB A2 T A { Uiz,

B B 24 R I R R 2005 b1 H B E MY 24 hr-TLm T L, EBERE I Y DOUDOROFF
(1951) OFEEFAGTERD I, TBEREOKEITI BT 20£5°C OFEETH - 70,

2
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3 ABECHIITEMEDRREESHEZX
FEREBIF 2R TEIRE - i (1939) OBEBICETIL DY FRA L, KE 5cm, HAKE
U/ e, BRI LIKDO A—B LRUEESDEA L, HARKIL 2 KB hroB kK [tiEsy
BLLLTHEEREL L, BOERC X oTES I KOEKE IROEKOESZHIE L, kI RKoHER
=~ AR RO CRIRERERN L 51 Lic, HRAII0BT>HE L, BEREEMHENE
KR EFKEZE USRS S L5 o el B TFHRERIGZRT X 5 CBbh A OB BYE i ot
EfEAERA L s,

'&@&
I\ ”
7C:1 f / Fig. 2. Apparatus for observing behavior of fish to varying
e, / ',/' concenirations of pollutants.
o =

4 NEOEFHEBECRFIFEEESRE
EEIIIE 1 MOEBLER Lich, BEBEIADEOR Vg 3 st k5 2 E5em, £X 35cm
DHTEXA, HKREBABODOET 2 00/NA L WIEA Lz, iSO mis N EracE
BRCL > THES RV E SO L 5 THRL, RO LES ZOUFEL B BRI L

2 s

0 10cm

Fig. 3. Tank used for testing effect of pollutants to oxygen consumption of
fish and shell-fish.
feo NERIBETOANTEREARES 200ml DFETL HETB LR RES 5, K\ THPCHE
ARSI S ETRIEIRE, TIWE ORI T LR D for CRHKERE5 50 0mlicF 5, 1
FFRIBIC A OV R T L C S ROMFMCHIL, BEBIZLEEL, kAT X »THHAA
1g Yy OlREEEE (Oc mg/g/hr) ZHET 2,
Oc =V O0-0)/W
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LEREB T OB LU0 Bk AHAKS TOHHKOEFHRZEE (pym) , VidkHiks (/hr),
WixgtaieRHE () TH 5,

R LG HEYWERERH T LD 1%%7%i0%ﬁﬁﬁ®mm?umﬁ‘;
~, BBCTEEYEREOE T & E R LIEREKIZT 2HAEE, 2 BEBCHADIERE

NELR w3

A ENT T » TAEOMREEEEANE LicsS, 21 EBEREOREREZMSINT 570, 620k
IO A E I AOREBBECEN Y 5 AT EWHBEY RS T 50D, BARFERECEXTHE
B DEFBED RN TIR D DI T - 1oL DTH %

BEYE O ROBENEECTIT T HEED, %ﬁﬁ?\u\ P2
%w®ﬁmm BENDIHEE Lz,
2 2GR, EEBREE, WAE, HEREGORE SNSRI -TERERD EEDRS

I R O BT AT DERER AT~ 7o, THOE

z) T/F 11 /_‘H»vx ‘/C/j f£\ ‘j%

by bs N
=, = { ‘;F—_, [ -~ F‘\‘
! I i 31 o e T
o | }‘;ﬂ = L. }:@ [-I/E—-——
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Fig. 4. Apparatus employed for o study of effect of dissolved oxygen content in
inflowing water on oxygen consumpticn of fish.
I~V : No. of test tank
i, BAKEER HORREL BRI R LTS, SUSFRREOBBLI S8R 0RRE
BE L TRELARTRT XD Trgm‘%/ﬁjﬁﬁ Lz, ZDEBITE S 4 AEFIC W ~E R ﬂLT:f‘

[i=
HEOERE LI L DO TH D, TOERTEN TR EY [ KB IO KIC 30~50 B, +OfloEREIC 10
BToih, |EORALYE L CERY 500ml/ ooEi4 Tl BEmAL TEic, VIiX @mﬂmmm EH
TSR T Br ThHAER 50ml/ 4 & L, 2RI ihAA 8T L C 3RO
‘wbé%ﬁb,m@aé%%%wBﬁo@ﬁmm%ﬁummﬁ@%mﬁ%ﬁ%@b@@mBK@&
CET B, LTRBRC LT I K& COMBREERNCERL, BAFREEvEERLL, AR
g Yo OBFRBEEEIANT L > CTHEB L,

On—1—0
8 on KOBMEHEE (mg/g/hr) = 24 Ti/izfnl &

EREB T, On X0 0n—113Fk4 nXB L0 n—1 KORHEEFEREE (ng/l) , Wnr iEN
RoaEh®E (¢) , B3 IERY ) OfHKkE (1) Tho, 1 KOTRAKFEFREEND O, %
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ST ER LT, 7R RREICHAT 5 RORFHRED [ K5 & U TEOMBERE T 5 < &
ko TR L, % 1R BRE DT A DRI LRHEPICHT +% 3 5 CRGEIC IR L1,

8. NEOERGECALBTEERERBE
UARAFB L L OEELER L TTR - 7o RBEC ~2 210> AN, 1320 (PRt X

U AR T4 &S o TS L 4 BRIICh fe » TRERT LIS Ui, [EAARBIIBITRER
BRoouhr & F LRI TR0, Bz B 1R D Ht v

BT T TR ERE 4 BRICIEENTE T 2 B OB RERE L B S E R T ERK OB R

EEOFEEREA Ui, ItBERIT 20+£3°C O T/ -7

6. THUOEBTEBERIUCHBHECLETEEEERERS

MBIEEBERILCO5E LR UEER JOHECHE Licsd, BEBEZ L &85 -0 B RIS
PEME L7cibh 15~2cm DR X L&D, W IO LI5S >0 74 ) % 1 7l b e,

AR T ) Lg M) OMBEMEERIIFSERIC L - TEAIREND, FREEROD BTN X
S THRE Lz, Oc=0¢’ + 405 {AL,00 HE0 O 13k~ BRIEBREDWEN s L OB WIE (mg/
g/hr) . a ERFCGRAHRE (%) THhoH BREEECRITTEERES, HRKEAL 24T
WASREHI D Oc (EIZ X W HEE Lic, TR AERITRUBBREEECTUET/KE, T+ VOREIRED
BR OB B B ERA TS -7,

BRI R EE R & R Ty, IR R 305E0T, 31 AR A Y r R E S
il ol KE 20 0oAN, FORIT v ) HI0ET O AN T LEMKE L, Zo% 105/ 1,
7 BNt - TEAKMED 7 v OREECE T, EREIEATOCHR LTEH Lic,

7 ) ORI IE TR B OFEERE Y, BT ) 0% RT ARE TR E L Lo,
SR D 79 V73100 2 DB EE & 7 7003 AL, A FEBK O REKICH 2R IEH A Ko, ZoiF
0L s B EWEBEYERE L Uk, ItRIEARER CIHARARL LEMOBERLNS L LT
WEREYHE L,

1. KEZDWHHE

pH XWEFEMERE, Fer, 8, Filby — 2k XORREBIESR (BRSO , COD BEl - KEE
(1937) , WEOI LOHHIL FiscHer £ (1934) , HECAREBRER Ges 1 (1927) o AWTE
BL, SUHER JUBHEBEOERBIIFHCTRO X 5 e HE Tt » 7o,

HEOERE « FK 200ml 2o@iRheE D, AM=—Fa 25ml 30 C3 EEEA T L,
Bifl=— 7 AHEEE AR CY v 7 AV~ BB EEDZ R AN, EBRCHl=~ T 2BE LIE
W, %% 40°C DRBRRPC2RMEZEL THET 5, REPCEMO—E0NERT 50T, TR
KEHHEBXANTREEEMCHIEAHEL 2,

BEMBEOESE « 2 WINKLER EE AV, F—81 4 v iy — S 281k 0B
BASe% WINKLER B CERTHEELVWEEYETOLINLKRD LD i BiETHnoo7:, Fett %514
BERKAEABOBFM A IO BIZHRL, g, ) oL 729 0.2 N KMnOs R %E 0.5 ml §
OHEIZEML TR, ETCREL. 2~3 SEEET 5. R TAMRCMCl: BEE L KI-KOH #3
% 05m/ 32, BHuc KI-KOH sl % 1 ml L CHUER, ETCERL TURET 5, Ll
WINKLER VR - THIEL, AR LU BIEO 0OOINF 4B Y — A EM»NE 4 ¢ ml I bml,
MRS DOETEN V ml ORDEFHEFRE (O ppm) HUGLNTHEBL 72,

1000

0=008x (a=b) x =7z
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WMy — & % &tk O E1E KMnOs BN IH) 02N REFREZ V-2, S OHRIET DV
TEFIT %ﬁk%%%ﬁkofﬁﬁm BESELNL T ERTERL I,
m:gapﬁg’";ck(}%n'

1. WAk EREE

B 1INOEREEBE A F LV VTN —
MABRETEAD 2 F v v T — BB ORIEE
B (6 oS e/ h 0T, 5 5HEICiis
T5, FOEEIE T30 = 720 1 BEEEEEAL AN
FAERIZE 1 0D C, BEOGRERIGSEERX
I T2 %, BIEREXY TG ILE B THoH, L
A LRG0 105 I R T 2 0 BAE K D75
HYEREIZE—CEYRFET2EELTI V.

ﬁw; 2 3 Fon LIcR Bl 228 1 o 28I

s PR Y BRI TRIC A F Vv T —
%TL,mmU%®%éf{szﬁﬁé%t%mw%
AR KD £ F v v T — B DR LA AN
foo ERERD LFIARTEE2FEOE) THDH, K

L/7L~—{/IL7\7‘KO AR OWA D EICIEA Y, e D

RARR 7o B (LA TR S R P ) - CRERICB B L AT
TRRCIi4 9%, VI TIIHT 0Bk EaL
TR Uik, MHEAKOBEAEIIREOREET I
DN TRECE L Te b o 265 BICIT AR KD 2 5 v
VI BEIEIEERECE L, FOBRDOBEEREMT

DIEae

it
.
3

&
#

2?,

WA A, WP ERES
TLaTH~Te, 55 MiaETE
LD X F v v T~ B R ECE L RIS T

20 ml IZHREIL, FREEEANYE

BRIBSHD A F VY T~

8 00

T e )

Absorbancy

1 1 1 |
0 4 8 12 16

Time in minute

Fig. 5. Changes in concentration of methylene  blue
(as absorbancy at 720mz, 10mm) in water
outflowing from gradient tank (Fig. 1.)

No. of tfest tank

@:[,3:010O:1

Table 1. Fluctuation of concentrction of methylene blue in outflowing waters frem gradient tank shown in
Fig. 1.
\\I\O ?ofrﬂ;i;::;em ) Concentration of methylene blue  (as absorbancy at 72Q mgt, 10mm)
S;;erlifnr:an?f (hrs.) \ \\ I I i v v
0.5 | 0.589 0.313 0.092 0.036 0.025
1.0 0.596 0.302 0.094 0.034 0.028
1.5 0.600 0.312 0.098 0.041 0.02¢9
2.0 C.594 0.313 0.092 0.040 0.028
2.5 0.590 0.312 0.097 0.037 0.026
3.0 0.602 0.302 0.100 0.038 0.026
4.0 0.598 0.310 0.097 0,036 0.024
5.0 0.590 0.303 0.095 0.038 0.026
8.0 0.595 0.308 0.094 0.039 0.025
20.0 0.592 0.312 0.097 0.036 0.026
24.0 0.597 0.304 0.095 0.038 0.027
Average 0.595 0.308 0.096 0.038 0.026
Dilution 20.2 38.9 124 316 462
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L9T®6 FRWHKD A F 1 v 70— EEDFAET T - THIZ A 7 VY T — DR P 195

, FEHAKDE AL 5~10 S0 bR ECIE 7a b, 30~40Hiik ﬁugg;/;m%

}?&%ﬁﬁ% DK E TR L“Ciéiﬁﬁ?\ﬂi@ﬁﬂ\]&l%ﬁ% SECRER T BT, FHAKE Y 500
mi/ 5y D BT e D LA EN AR THILOID, BRI 5ROERE LCEENATRE LT -
oo B> THRERIC L ! H%mZﬁKQ%mAvﬁm@%ﬁ#W&@MT% TR RS
ﬁ<&%1%@ﬁuﬁmr FHAKE BRI B Z S BT R ENS D,

g
Py
%
o
\Jnﬂ

\~ }] ,L Al
/)U /é“;

i

%ﬁ%%ﬁ@ﬁﬁ%EZF@M%E Cn(ppm) ¥, EEEABCEATHHKEY Vnl/fF, £0HE
Table 2. Fluctuation of concentration of methylene biue in outflowing waters from test tank shown in
Fig. 3.
\\ No. of . Concentration of methylene blue  (as absorbancy af 720mg, 10mm)
— the tank 4 4
Duration of ;
experiment (minufes)\\\ 1 I B v v
5 0.150 0.162 0.056 0.00C 0.000
10 0.533 0.282 0.119 0.081 0.05¢6
15 0.597 0.306 0.180 0.136 0.111
20 0.632 0.332 0.195 0.147 0.122
25 0.645 0.340 0.203 0.158 0.125
30 0.657 0.344 0.197 0.152 0.130
45 0.650 0.347 0.201 0.155 0.127
60 0.650 0.343 0.200 0.162 0.133
90 0.652 0.340 0.195 0.157 0.130
120 0.655 0.3458 0.206 0.1585 0.132
Average 0.652 0.343 0.201 0.157 0.130
Dilution 100 190 325 416 500

WEEEY a ppm. BEEAECHATAERRAKERICHEEBTA2EHKESYR 4 A ml/ 5K IV
B ml/5Trt ek, ROLS5CERTES,
:E_i’—_,f i B: C1=(l

» Cy (V-8
a2 Ce= %/EBJfA)

Cn—1{V— (n—1) B+ (n—2) A}

FalK  On= =3 0 yBF =0 A
@ IEWEEETOHRDEREOBES JOH TR LA GF1RB) WA T 2HIH KB ORI

iofﬁ%_ﬂanf%@o 7 “f? TR A T AT F?‘ftemm AFIEBEIMET 52 LI X T
E“E”* K.E)k—C/ﬁ“Cé’Z)o

V=420 ml/5r, B=130-+20 ml/5r, A=300+50 ml/5 OL&ET T, § IKOSKIEHET 2l s
TEABRCRAT 5K OERER 2B ERER 2R T L 3EDMEY T, FKOMEENE 785
CONTHEABEDORBEERNAE 0D, OBREBEFNYE C/Cs DEIIFKIELEN 38, 130 X
U0 300ml/ 5 DERCFE 4 4, 5 BEOIPIIRTRT. - DL 5B IRIE TR DEER L OREE S
D S TRKBESELNSL SAFEEOSEETHD, ILKEFEEEAEOES Y 2~3 i TnilLio
EREIELREN D, BEEFHOTRY Ll T LEORBOATHNAY R T I ENTELTHS S,

PLEDSEREEER T ) 20T, R ASREREBIFROTEEYEREY —BICHRT 5 e B UiFEn /s
VERER B L, ¥ RSED - OEEBIC N CRBERKOFTEE D e d, L bLRE, A CAMERTH
B bLEIMICHIC2EYFEEICERATELLDLEE L DD,




T BIER DN BT T 2 BB 5015 167

Table 3. Effect of volume of outflowing water from tube “d1” of the apparatus (Fig. 1) on dilution of

sample waters.

T No. of i s
\.\\ the tank Dilution
Volume of \\\\\ I I ) v VY
outflow (cc/minute) e | : i
38 20 35 45 62 &0
66 20 37 48 66 84
130 20 41 58 80 98
250 20 52 76 118 144
300 20 68 136 200 264

2. AHEICHTZEEWEONITEE

M ®m B
EIAERTE AR TR TH D, WAKERECRTATHBOIIEECE L T2 RO REREND
D, EKERERE TORIPRELREIT L » T b OEENH 5%, 30~80ppm, pH & LT 4~5 OHHA
EVBIRENS N, YRR T 5 A BN R B OB EERF N AR T4 EREICH T 2R
FEII100 £ 10 ppm CHKERFEDOBATHATE G, L LETE pH {HI174.5~5.3 OEF CHRKEREAD
By LB ERIIRD bR WARER COFIERELIARABREC LT 5~15ppm EEE
<o Flo= G T ARRERABOLE LITTE LY,

Table 4. Lethal conceniration of sulphuric acid.

, i
Woater used for Organisms  used Lefhal concentration
Still - water Running  water
dilution for experiment : .
ppm as HgSO4 | pH ppm as Ha2SO4 pH
Kiflifish*1 72 4.0 68 4.3
Fresh water Gobky*2 70 4.1 63 4.8
Shrimp*8 65 4.6 60 5.0
Goby*% 110 4.5 95 &1
Sea water Crescent perch*4 95 5.1 90 53
Shrimp*8 100 4.9 25 5.1
*1  Aplocheilus latibes *3  Leander paucidens  *5Leander serrifer

*2  Chaenogobius heptacanthus %4  Thevapon jarbua

K OFERRE AT S0 ppm Db, AT 120 ppma DR/ s &, BULBRAEBEBIIEFRL 3050
PNCEETE+ 25, BT 70ppm LU, YK T 100 ppm LUF OSEEBR OB OTEN S RE N UHFRE

H e HERD BT s T
BRI L OUKE KT 0.1 M JRiE % « DEJE CHRINL, HRMBEER IO 24 B pH 2 38~70iE
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R 6K+ ThbH, KD pH M2BUC
BT T2 DIRBENEN,  EARDHETEH 110
ppm, JGEKDEHEITILH 60ppm DFEETHD, Z
NHDPETR 2 DEILEE L ITIE—3T 5, TERE
24D pH L LIRINEAIC TR e B b,
ZMRAGRE B C O IR E ML KR E B o
TEL R ABEAC Tt BEZ BN S,

(2) WMEE—#dJUHIRESREX
FERERIIE SFRURTED Th S, HAKFEBRTO

T PUCRE, WOKEREEER & O D OEH

25 20 m 0 m@5h,ztmmtﬂ AME LD BBV FRCHRKE
Initial concentration of sulphuric acid in ppm DEH IR & LK CRD BT R E i

Fig. 6. Relationship between pH and amouni of éﬁ‘@éo |7 (1955a), KE(1931), BELDING

sulphuric acid added to natural water. (1927)&&‘@%25%;&7- iﬁ?iﬂ:ﬂ(fﬁﬁ%fﬂﬁﬁbf:@ﬁ%

S fer Fresh wat et e .
eféwa e r iji; after addition R OVKERICKT T D EIEIREL, Fe™t 21T
O D : After 24 hours 30~60ppm DOEIFETH D, RIEARFEBEL - D
EPIER T,

Table 5. Lethal concentration of ferrous suiphate and iron-plate pickling waste.

Wat g7 o . g Lethal concentration
ater used for rganisms used for +
Pollfutants ) ) ‘ (ppm_as Fe™)
experiment experiment ‘ Still water Running water
Killifish 40 10
Fresh water Goby 34 8
Shrimp 37 12
Ferrous sulphate
Goby 30 25
Sea water Crescent perch 35 20
Shrimp 32 20
Killifish 40 10
Waste from acid Fresh water Goby 35 8
Chs
pickling of iron- Shrimp 35 10
plate Goby 30 20
Sea water Crescent perch 35 17
Shrimp 30 18

AR COHMTTIRET 8~10ppm T, 40 ppm Tit 5 BRIMA, 30ppm Tk 7 BRILI A EER &I
EEREEIE Lize F o lbAKRE S ClIEBR e BRI B 0 R RA L L, 4B
BRI FRABEDIBIVER LT To, WKDBSILZ ORBEENZE LS, FI-HIFEEL Fo Fett %
BARENEORIL 4~5 FFEEICE LT ihdic, S0 X 57 E29E5 0lt, MBE—8% 2ARKT
BELCKEOEBEAIDTHDLEELDRDDT, TRV TIRE L,

E6ERIVHETEIL, 12g/1 OFBRE—HER A KB LUK T 20~200 FeFR L, ZREES
L O TR B BUK D pH B LU Felt BEAWMLBERTH D, 087 R 0.001 M OFf

—_ 10 —
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Table 6. Change in conceniration of ferrous ion and pH in fresh water added with ferrous sulphate.

Initial \‘\\\\ Dureif::az:ir:efn? | PH “ Coren. of Fe (ppm)

conen- °2£Zi> \\\\\\\SEinfizs, 2 [ 60 180 ‘ 60 180
0.0 6.70 6.72 675 | 0.0 0.0
15.0 6.54 6.41 6.65 | 1.6 10.8
23.9 6.50 6.39 6.34 19.2 18.0
40.0 646 6.28 6.10 34.0 32.3
65.5 6.40 6.20 5.98 56.0 51.2
122.0 6.37 6.10 5.78 115.0 110.3

Table 7. Change in conceniration of ferrous ion and pH in sea water added with ferrous sulphate.

\_. Duration of pH Concn. of Fe'™ (ppm)

Initial experiment

concn. of Fet w 5 3 60 20 40

Cppm)
8.9 7.38 7.10 7.33 2.0 0.5

17.2 7.08 6.67 6.82 8.6 5.4
43.4 7.05 6.30 6.40 30.4 26.2
64.7 6.75 6.10 6.18 52.3 48.6
129.0 6.61 5.85 6.92 112.0 106.5

BREE—8k A& A TOKIC B % Felt BEOKEE 2L
iRt

pH BEREBICET L Fel @BEOB Kz L
B EZRT, pH OETEHEK THER LB E 2
KRTHRLUICBE L0 L REL, Fi pH (28D
Bl pm OR TET T 2@ H D, Fell BED
EEK T pH 236 LIRS e B BEK O Bk(L
X HEMEL Rk, Fell @EEISEORSET
BIEORT REHICET L, HCiik o Z{bin L
1( N

I HDOEEFER L D AT, HRKRHBTOHILE
ENTRKAFEBE £ Bvolz, ERbikid s
Fe™m BEOKTWERATLIZENELN LD, Z
72K ABIC B T ERDRITIRE N E K A DR
FERECHANCTECER L, HREHEEAD Fetf
BEOKTHERF TIZMTHL D EEL DR
%o

Ferrous ion in ppm

4 8 12 16 20 24
Time in hour
Fig. 7. Changes in concentration of ferrous

jon in water.

O : Fresh water, @ : Sea water
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Table 8. Decrease in dissolved oxygen of water added with ferrous ion.
Water used for dilution Fresh water Sea water
Initial conen. of Fe'* (ppm) 47 .4 20.3 45.6 22.0
Initial concr. of oxygen (ppm) 6.82 6.84 5.80 570
Conen. of cxygen after 1 hr, Cppm) 5.98 6.16 4.05 4.92
Decreased oxygen (ppm) 0.84 0.468 1.75 0.78
52 8 R — BB A s O CRR L 1 B OB FBR OB B o TR e 4, &

BEEFZOWAENL Felm BEOCBEVEIZES L, iFf;@j(ua/ﬁ SR X D B, KRB EBFEEIH
P50k, Ko Fellt 7238 Fellt b33 BOM LA & U CORPEFBRENMEF ERDICDTH D,
o THREMZE O BT Felm BEOHABCHGITHEEL TI\v, Fell Ippm 40 OFEFEEER
LEEERERSDEST 5 L 0.08~0.09 ppm & ﬁﬁ,%Kﬁ%%%f%&t%%fm&mwmswm@
Bolce BEBROBEG DWKREILRE L IEXKREICEE & OENRKIEROSHFIEERE V-0, Ik
KRR CULBE TR ORENAOEIERED 1 DITic» IofEik L& 4 ivo

U EOKEZECHBER LD 2T MBE—82 e A DRIEICK T 4% I, BT L AE

e k2T, OB L LY ﬁ%*®ﬁzriogﬁw*i%i%b LD B,

ﬁﬁ&ﬁ@%%ﬁ@ﬁ%ﬁﬁh~FmrﬁF(F?CMmﬁ;ﬁ%ﬁ@jf{&&@&%Lbo:mmﬁ
FFEKD pH 2% 26 THEEREE O & EENIIINC DI - TeD T, FDFEN NI TR EE LD
o, f-ToDfEp Lﬂ\ﬁlé‘?i@@m%’i’ FhoEEn, Fell BEMWEK TR 8ppm, ¥R TH 17ppm
LI BHBUEE A b - TRERDEFERFFRER & T IV,

(3) W

ERERILE 9 BT TED Th B, HARRB COFIEREET LA SHBEC LN TEL, HICIER
DIEEERE L RO B D o POKERICH T BMOFIEEEICB L THEHDEEL D v, KK
EEATOFSEREIL Cu & LT 01~2ppm OEIFE W 3 IEN L, PRI 5 AR RS R LB E
DEBEFIE 2R T2, FEEERONT 5 HTEREIRAKERICH T2 BIRREIC N TENTE V. F
fo~ Bkt AHAGRRB CORIERERATRAEKD pH 2VNE {2 o TET T 2 EA50D b
nB,

&

\‘

o

&

Table 9. lethal conceniration of copper sulphate.

Organisms used for pH of water usad Lef?glp;ozzergjr{)a)‘rion
Water used for dilution

experiment for dilution Still water Running water
Fresh water Goby 7.2 2.0 1.5

Crescent perch 8.2 30 4.0

Goby 8.2 55 4.5

Sea water Goby 6.9 — 5.0
Goby 5.9 — 4.5
Shrimp 8.2 65 6.2

— 12 -~
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ke b SREL LICSALRAR AT 5 £ GBL, 25 TEAGONHLNS BECEB L T2
2, DREUTIROH AL TH 728 L D AT, SHUTHIEREZ AR O R E & UG L CHE
WEEERT HIcH EELBRADT, IS WHEESR J0° pH OZUC oW THRET L7,

510 2% g/l DREERETTZIEAT 100~500 F5ICFHB LIFKk D T ERIBIE ORF (L2 T
BEREARTLOT, WHEEADREE TRBEOEBREAE <, FR@OMRES 0ppm LLE
DK CHIRE LHIOBEE Ly, MOWRES 5ppm UTFORA TREE BRI
BT, I ESMREE DRERINL LD Th o POKFC I B TR O B EZE IR A e o~ TR
THY, A LBHORSBNBROBEDOGLUT TH B, ZOFRERL) ST, BARCHTSIE
KRFBRCOFTEREDE LFL o &, PORERCHT A EIERE NBE AL T OB0ERE L ) bEn
CEmE OB, KFONBERBEOETIC L 27cdLFErbhid,

Table 10. Change in concentratian of soluble copper in sea water added with copper sulphate.

T

itial T DU;?EZ:};:M Concentration of copper  (ppm)
B |

conen. of C(uppm> \;\% ] i 9 04
110 33.9 33.4 17.0

763 14.3 14.1 5.6

45.3 10.1 5.1 1.5

23.2 9.7 8.4 1.4

12.8 5.7 5.4 1.4

5.0 4.5 4.2 1.5

1.9 1.8 1.8 1.4

46.1  (Fresh waoter) ‘ 42.8 39.8 29.3

WA THER LK D pH #7RE 15 BB E Tk, Cu OoFEEL 110 ppm, 45.3 ppm
L0 i28ppm KT pH k4 563, 641 BIU 740 TH-7ohnb, EAROME(T X5 keI EL
EEENTE v .

/EJ@ C %‘ szl/ Yo

(4) ZOiOEEER

TREATES, FABEZ m— 2, FWH VB IOy — X ORI T 2EFURE & - LI
ATEDTH D,

HEES : HARRBTOFIEEIL Zn & L T60ppm T, Felm & X0 Cull li~TEEL 5 <,
F 7o b KRBREAE & ST S A2 T by B DRI ISR REREICT T 5 2IERER,
7Zn & LT 0.5~20 ppm OEEMNS <, ToBEENR R X HERTERFERE L SR T 4ppmTH
> 71':0

HEoO—5 0 HARRRCOFRIEE T EARRRBRESZIFELL, FHRAEKD pH VNS i
D EBILEERA T DB 8D,

FRLABEOESBOBEANARRBR CRE LLEEREC I > ThlT2E, W, &% e~
&, HHOMEEY, 7 r— AOHHILRADK Y6 TH D,

—_— 13 —
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Table 11.  lethal concentration of various inorganic chemicals.

Organisms used for pH of water used Lethal concentration  (ppm)
Name of chemicals
experiment for difuticn ; Still water Running water
I
Goby 8.2 70 40
Zinc sulphate (as Zn) Crescent perch 8.2 65 60
Shrimp 8.2 45 40
Chromic Sulphate Goby 8.2 40 37
(as Cr) Goby 6.1 — 24
Goby 8.2 0.37 0.27
Potassium cyanide
Goby 6.1 — 0.22
Goby 8.2 30 7.0
Sodium sulphid
(as Nag$) Goby 7.0 1.7
Goby 5.9 — 1.5

BRAY : FORREETORMEL LS TEL EL, FRRURRRRIE S L ARHBRE L DR E
A TO0Llppm IEF &l FRAEARD pH 2/NE 42 EHIEREIETET T2, B ) ORKER
5 B EORREICBIL T LEAYS < DEES B D, 01~05ppm OFR EHE SR T BHELS L,
BEOBNC L Z2ERIIDRNL S TH L, AWMARRABTR T, EWH VIEE0.35 ppm X T2 100%
PIBEFELO0.19 ppm KTk 100 DAEFRLY R LA, 0O X 5 ICATHOEELENED TR W LILE
e ) DFEOHRESTH B,

Bty =4« FARAERB TORIBEG I KRRBEE L GEICEL, FRfREEKD pH @
Lo Thin W ZEEL, FRC pH 23 82 235 70 E T S &DEEREDETIIEETH S, DI 57
EEEE L - W) (1950) M FEEA G Ti7e » m AR RB OB RC BT RD bR TE D, ZORER
& UTHEIEHL Y — SR OB, BERIKRCE S L0 TH Y, Tl bREOREHET L 2TH
IKDBEMED IR T BT DN TCE LI BIndh TH Do EHEBH LTS,

KRS COBIEEE P IR RRBE & TR EGERE, (AR RSP fmLy — 2258
BIEINTEOREMET T2 EELLRLDT, 10g/! OFiLy — £EWE LR T 200~2000 i
HRL, Wby — X BER LU pH OB AT~ ERERIFIZECRTRY TH 5,

Bty ~ X REOETE, FRE 2EEACRES TERERKDC 51T 2~3ppm BT
75 1 BEICIZZE LS, FIRED 40~50 VKT 35, Fi pH LML Y — # Ok gl U ciik

Table 12, Change in concentration of sodium sulphide and pH in sea water added with sodium sulphide.

o Duration of . )
Im\ experiment Concn. of sodium sulphide (ppm) pH
conen, of Nag$ \(ﬁours) 1 5 o4 i o4
Cppm) —

6.4 6.2 6.0 2.5 8.45 3.32
12.3 12.0 11.8 6.9 8.50 8.39
30.9 27.5 25.8 11.8 8.75 8.51
56.5 54.0 51.7 27.0 8.93 8.86
30.0 26.7 26.0 11.5 J 8.43 8.12

(Fresh water) ‘

— 14 —
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L, By — FREOFHGEREE pHERE 7D, K TH R LI 30 ppm ORI — FEED
L ERBEOEKPOE L SER CER LA T2, pH OB EEAN TG DI R OEE L
TRE L FRB LR T6.780 b 8431 15, KeboHifh v — 203 L h 2RI KRR RN HE
EhBrb, RKPOBRERZERIHERCYURBSToThED, Ty — X BEOETERBRE—FO
BEE LA TRWDT, by — 828 ARKORTEBRREOELLZEEBTHLLBEREIN D, - TR
EHRBIT B LB FREZEE O N RO BIEC K L TE LWEEY 5 2 L i0Bhhinony, ERCH
(LAZEOBE S5 RAKPCIIBEREIRZ LT AEEL b, T OB 5 BFHBFED
HBERZICOWCLEETDLLEND D,

DA OERERER L h T, [FAREECROIHLY — £ OEITRENE VBB, ERfsity — &
OPEENET T 5700, BIO pHRNE L Ak 0L KEOHMEN B T 5b THEZ ERHEL L
726

HHY—4 . ~BICRTLEIEREITELLE 500 ppm OFEBEFICK L TE A~CIREEE L
7o WKERIT T AT pH B 10~11 O & @G I T 2EENS VD, WERICKH T 5TIE
RS pH H L[ UIRE B 525, WK EEY —F 228 iml Th EEOEI AR L pH 2 10.
DR e blans s o, B8 10g/l Oy — X &K THEADEIGETHERL T, Y — 207
BECHRERS Jo2UREEZDO pH L OREREYH
ARIcEE BT T, RO pH ITFME Y — X OFEE N
7 150 ppm ¥ TIIRBICE < In -7y, 150 ~ 600 10r o0
ppm OFETIIITIE—F D pH, 10.18~10.20 %~
oo TOXBIERAD pH 25 102 Dl R e BB =)
FUL, YRIMUAE Y — £ 23EKdo Mgt SR 9
LC#tstE Mg(OH)e DERCEEESR 570 ® T
Hb, FicfEEEROTTRER Y - S ORIEE

=]
®

@
@
g

AEGERIERKD pHE L b ied b #E2 T 8e——1h0 200 300 400 500 600
iy, LAl Mg(OHDe DAEFIIC I » T K O HE Amount of sodium hydroxide added in ppm
BT D BALT A D, —R DR E ) A EER{F Fig. 8. Relaiionship b tween pH and amount
B LTS KED -~ kR DML D 2 2N B of scdium hydroxide added to sea water.
TEBENMIERTH D, &SI BIL I AN & : Just cfter addition, (O : After 24 hours

Table 13. lethal concentration of phenols and coal-gas washing waste.

Organisms used lethal concentration (ppm)
Pollutants
for experiment Still water Running water
Goby 15 10
Phenol Crescent perch 17 13
Shrimp 3 8
Goby 12 10
Ortho-cresol Crescent perch 12 10
Shrimp 10 10
Goby 10 7
Coal-gas waste )
(as Phenol) Crescent perch 6 5
Shrimp 7 5

— 15 —
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e T o,

(5) FEREEEUERT AEHEK

WBEBICKTAFEREE, A7 7V — AR XUORG» ATRIER OTICEE & - R 133R R
THO THD,

BRBEANLY 7V = ADEFCEEILNREF UL, $iARRHABE & LA E & DRI b BEEE
EITFRD DTa . mm¢k%ﬁé“thﬂ#5Em%@ﬁmed1anf@mﬁ@&fﬁﬁ&ﬂf
T toe WKESRECREESEOEBC LB RISEORIFEER 5 ~100ppm DEHHICHCD, &
18, EBREHREDECIT X » TELWERNRD 5, FERC KV CIEHAREMOEIES TH B,
AR A AR OHIEERE AR LT 5~10 ppm THREBEEIRIC N TETHEE M. il
FEKrRIC & 200 DT 4 IndGE DS M » i R & EZR SN D,

(6) EEBTIHEK

HILEEY COD TEHTELHEMBRRTED ThHb, EARFEGTORERECRAIFARELD

Table 14. lethal concentration of fermentation waste.

o . 4 Water 1 lethal concentration
rganisms use ater femp.
Water used for dilution . o (ppm as COD)
for experiment ) Stll water Running water
Goby 18 360 > 450
Goby 28 52 > 450
Fresh water
Daphnia 18 260 —
Daphnia 28 73 —
Goby 2241 300 > 600
Sea water Crescent perch 2241 300 > 600
Shrimp 2241 25 —

B, BRETEELUET T2, FAbKRETIT
T O Ehphic i eana LT R L, 08 TR D
By COD o Bk amERhete, —5F
FRRAR TR FISHC HRUCEAR (COD
600 ppm) DERIC b EHCEE RITENLED biviohs»

Concentration of dissolved oxygen in ppm

ns
7o

\ EWRBEIE T D 2T, KBk A A T
HXEBIBNFWIEZR O EEL TS,

2T \ 'V‘ﬂ\@“’lih:// BT aFh O 2EEYy 05 iR

Y LKPEFBEOUBRZIC I 5 RINEETH

\ \\ % &%E%’?:ihé@ﬁ FE A HEACT F LT

TS T 500 COD oE L 1 BEOICRETERER E OBy

Initial concentration of C O D ia ppm T, ERFERIIFEIRICRTEY TH B, 1 HEE

Fig. 9. Relationship between dissolved oxygen content DEFBRFEL COD DFRE E BaKIE &7
at  24-hr. standing and initial conceniration of 2, m«[k”ufbi{arjﬁxﬁ:%@{ﬁz/}ﬁﬁ SAla ST
COD in sea woter mixed with fermantaiion waste.

PR IR SR & T HEK TR LR
(O : lust after mixing, (B : After 24-hrs. without cover 1 ARICEIAR L 230KD COD OMRETEH
@ . After 24-hrs. in closed vessel REECILH 20 ppm, EFCRAECIXFI55ppm TH S,

— 16 —
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EE10B0I L FE 7K A Mok T 250 I AR L 7 Alk D
BB ORI (LA FENRE, 25°C imRuw A
MR T, BHRBFEDOEL, FWRE 7~8 R
T TIELSTH D, ZORDEIES BN Ippmic
FE o 7Dy, T OBEBCIED LIR R 12.5 ]
BIITEIER E Tn = T, E BRI A ¥Rk C 500 5 A
RUABEREAGCTRE L L AEOBREBRRR &L
DBERA BEIRECHAVCER T, 10°C, 20°C F
LU 30°C CIEEEEFILE £10%, 15%% L 08 100%
DA EA TR LT,

BLEOSEBEER I 0 20, REROFILKPAERT
BEXEERZEE LR b0 CH Y, FIRE
ME T FEENBRL D 2B E T T,

Concentration of dissolved oxygen in ppm

Uin LIRS R CoRab IR EE I 5 BT Time 1 hous
EEY COD (22°C) LT 300ppm A" LELL . ) )
e L e o oo W Fig. 10. Change in concentration of dissolved
Rloo TAUXRDE BT Lo THERIFRIIC 72 » oxygen cf sea water ot 25°C in a closed
THEBREREOKPITE 5 o &k b7 b E 2 vessel added with fermentation waste.

BiB. = CICH T BFTEREIE DT, = ilution = 298 fimes

HO L5 BRI » TR ETE2RITTE
BTH Do FE- TRIED AR LEAR Ui AEBFICH TIAD DR ISEHICIE) R D RBE THRIET 54D L
HEIhE,

(D &kmEE

SRE AR L CHIT 2~3 SRR iBiE LB 0K T, HOEBEDS 1000 ppm o HREKII
BT d FLEEIE Uinds - 7o,

FICERTR I S0 TR IRl LR F TR » 1otk GBI IR O, A~ T S BRSRIR R
T 350 ppm, LTHEC400 ppm, BT TS0 ppm BETH - To, L LAKFCERE Loy & & L
TRHACEPLBEILE 1S I/RE D ©,  EEROKIFRIRML &0icEs L AT RIRENF L CE

Table 15. lethal conceniration of mineral oils suspended in sea water.

Fishes used for Lethal concentration (ppm)
Cils

experiment Still water Running water

Goby 25 10
Crude peiroleum

Gray mullet 22 8

Goby 30 12
Llamp oil

Gray mullet 30 10

Goby 90 35
Heavy oil

Gray mullet 85 33

Coby 200 85
Mobile oil

Gray mullet 180 85

b
—_ 17 —



176 Hxoo#E B - B KA 13 ()

Vo BRI DM E RIS T ABIRBE L, SLMOBEIC X 5 Thvn h DEXD Y, HRAEOMIES
EDENPAD DN FRHAGEE THEE U BIERE IR IGURERE TR ARG BRES
EGSEENY, R RRBIC B USRI RS RS IE L+ A7 2 E L b AD T, ShikD
WTHRET L7z, 8RR L2~15 g/l ¥in U 7oK 24RIE 7 em, HREDEL 120 [B1/4 D4ET © 30 4k
BLCE, BEL, TREPOBRERMEEOBSE(LETH Vo, FEBRERIE 1 Kk X OEI2RIR
THRD T, REC X o THER L-BRERIEREE D 5 45T 80~90 ZANFEET 5, L OBOMERE LR
IREWAET L, 305 LIBEDOMBEOCTTLITER L 7t b, kP Bl 2 BERMOERER X OESS

DI OBEETREEPRARCEA TSV BB BRCIFKLIZEER ), BERMOREIIH
ppm LI T Lic,

4001

SOO‘AX?

100{\0\0\\&

—
<
[=]

] b ]

Concentration of suspended oil in ppm

Concentration of suspended oil in ppm

1 ! 1
( 0 1 2 3 0 1 P 3
Time in hour Time in hour
Fig. 11. Changes with time of standging in amount Fig. 12, Changes with time of standing in amount
of suspended oils in fresh water. of suspended oils in sea water.
Kinds of oil Initial concentration (ppm) Kinds of oil [nitial concentraiion (ppm)
(O : Mobile oil 1500 O : Mobile oil 1500
@ : Llamp oil 1200 @& : Heavy oil 1440
& : Heavy oil 14490

Wiz EER AT OBRERMERO K E X HE 10 4% X 06045412 BRUNSMANN - /il (1962) D5k Tl
NIERE IO R T, BAMEROKAE 23T, ® - Al RKTH 52, FokrhoiEkok
HOEZ 00 LITOREZTH »fca SOBUNERNBHFCEFELE2 b0 EELZ DR, T
OEFEEEMRCEE S MRONE N EEBENS D X 5B b, IR BV LS EMR
e Ry fel VA

Table 16, Size of oil globules suspended in sample water.

Time of standing after Maximum diameter of oil globule ()
mixing oil with water
(minute) Crude petroleum Lamp oil Heavy oil Mobile oil
10 40 ’ 23 36 50
60 30 | 16 30 33

PLEDSERRIER X0 4T, WS TR 7B IR OBIERE S G EERE X b LRV AT
PRETIIERPCRE LR NRELETA00THL EE LTI v SHBEOEERILTORBIC L - CEL
VELSD D, BCRERGOBEIIRV A LINEY ST TBEROBELRE T 2 HEIL, RO
BENMOBECHERET20ENH 5,

— 18 —



Tk ORI B Bk B BB % 177

DL -7 4 7o BB E O B T A BOLEE 2 RO TFERIC DTl eny, —c ik B TOHIE
PR TR AR RS EC TR <, FHORERE —8k, TR, Mty — & LUBREBREMED X 5 wkp
TEEZERREET LR R TWE T, MABREROZENKRE . LIt TID X5 HEYE 2L THE
IKOBICRE R LU A DFEHERELIRETHHEES L, MARENFSREXTERTHLELS D, L
UM TR D L 5 KRB E T mE sl onicT5 2 L0 TERVES L H 200, 0 X575
BB T A BB T ITEC OV TR SEBRHEFER LU,

3. ABCHIZITENECEREE
T = I 5B ECR T D WEROIERIUS 2 B RIIRTRIOR ) TH 5,

Table 17. Relationship between concentrations of pollutants and reaciion of marine fishes to them.

\.\\ Reaction + i _
Chemicals -
and wastes ——

ppm ppM ppm
Sulphuric acid > 55 48 < 27
Ferrous sulphate (as Fe™) > 7.0 4.1 < 2.0
Copper sulphate (as Cu) > 3.9 2.0 < 1.1
Zinc sulphate (as Zn) > 30 24 < 12
Potassium cyanide > 4.0 2.5 < 17
Sodium sulphide > 7.3 4.9 < 27
Phenof > 40 30 < 20
Lamp oil (as suspended oil) > 2.3 1.6 < 1.2
Heavy oil (as suspended oil) > 4.8 4.0 < 3.0
Mobile oil (as suspended oil) > 60 56 < 40
Crude petroleum (as suspended oil) > 1.3 0.8 < 0.6
Coal-gas waste (as phenols) > 30 25 < 22
Fermentation waste (as COD) > 278 190 <160

KR L7 3 SEO BOABBRYECH T 5 MEREC BRI b - 1ot —i%
A EA Y, BT, ~E ORGSR - o HITRC I\ T, SUSES +3 L0 —1Eh
FRPEAREO TS THMER LIS L OYRR L - BEEL T L, ¥ £ IR IR IR i
> P DTS 5o IRIBEE S LT & — X OWRIRE A BR LESISFICR Lice ¥ 1IRRIRIE & BUTR
Bk DA LIS L,

— R L ETRBEC A UE S, WD LOED 0.5 LIT OFEWENS o FHCHIEE 2%,
KT, B & ORI TR BRI I o TR 2B, C O 3 5 BlE B E A S A 1T
ek SRAT BB CLL, AOUSIE L D L EO K ERELOREL 7o b, CHICK L CHREERS L O
Bl ) OMBERETEIEEE L ) LB, ERMCEIBREL LB EE E B URKHIC b AN ER
AT, REICED LRI T A AT b, Lithie TE L5 B EL e THE
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Table 18.  Abhorrent concentration and ratio of this concentration to lethal one.
Pollutants Abhorrent conen. Abhorrent - conen.
(ppm) Llethal conen.
Sulphuric acid 40 0.45
Ferrous sulphate (os Fett) 3.0 0.15
Copper sulphate (as Cu) 1.5 0.38
Zinc sulphate (as Zn) 18 0.30
Potassium cyanide 2.1 7.8
Sodium sulphide 3.8 0.54
Phenol 25 2.5
Coal-gas waste (as phenols) 23 3.3
tamp ol (as suspended oil) 1.4 0.14
Heavy oil (as suspended oil) 3.5 0.11
Mobile oil (as suspended oil) 48 0.56
Crude petroleum (as suspended oil) 0.7 0.09
Fermentation waste (es COD) 175 0.58

IRDPWAT HISF T RADEIEED 5 5 LEx bh b,

AR 3810 5 5 EWEA O BIEE %~ I\ TIAY R T, BT 10 ppm, BRERSNT Cu &
LT 0.4 ppm, FIFREEETZn & UCHY Lappm, BiEREE—ETFe™ L LTH3ppm THoloe  HH
F(1955a), R4 -l (1939) Vo LIC#E TR TV LWKRICK T 5B T BWROHERE L, A5
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& Q
B0.4F
3
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5
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3 o)
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Water temperature in C

Fig. 13. Relationship between oxygen consumption
of goby and water temperature.
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WSS P EY T T - BB TL RS BRI TE D, T OFEEIIKED 27°C DL Eicin s & @y
HEEECE T, BAC )@_‘E)Ji S BledhTHhAHEE BZ’L@O
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HURCRTEY TH 5B, m%ﬁmmﬁW%E#GWmUFmﬁ@miﬁ%E@QmIMmeWMTW
EETE LIAE T T 0 TR R BN 2.5~5.5 ppm (FIFIEE 30~652% ) ORI + 2 L EESRHEE L 0.20
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- - B O e}
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. - ) O
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Fig. 17. Effects of pollutants on oxygen consumption of coby.
A, In naiural sea water
() : Before experiment @ : After 24-hr. exposure
B, In polluted sea water

O : After 1-hr. exposure @ : After 24-hr. exposure
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Ly, ARERCKIT AMBEESEBEOTEEES 0.100+0015mg/g/hr & LT, 2UEEBROE ErEET
AEF 15 ppm e B,
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Do
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Fig. 18. Effect of potassium cyanide on oxygen

consumnption of goby.
A, In naiural sea water
() : Before experiment, @ : After 24-hr. exposure
B, In poliuted sea water
() : After 30-min. exposure

(B : After T-hr. exposure, @ : After 24-hr. exposure

1 L7\wnh, # 8ppm CHRKIEESHEEEE
cDE@%’éi%%%ot%@&r—xBn Do

(5 STB®BHY

%E;!E@%X T8I IRTIE U T, (B COBEHE
%, 0.3 ppm K T30 HBICEE WS /e b 1
ﬁ%rm O L CRRK X 0 b 47 b,
FRE I r &8 Lics L L 019 ppm Ef‘ci?\
A EFENRD BT, K?QL%H@Miﬁ
DIEFEEA 0.225+0.015 mg/g/hr & L“C%E‘TF'EJ”'
pmp el Moz -4 7, 1 15 0.25 ppm C, I OENLITE

BE (027 ppm) EAEILTWE,

BE

5~6

7

N

® wmv—4
EE \Wmﬁes\”ﬂq@5> R80T, THKBTORE

ety Nag S & LT 3.5 ppm LI EDOEE TiL
«17‘!:?{;%55

;E.L

BRI THTe <7 bo AR

DIEFEE% 0.230:£0.015 mg/g/hr & LT 24R:fHR
%Z%(}EJ?Q}&E? % &) 3.3 ppm TH Do

5%%9’ BIEFEmRCL E4&, AREEX DBRFIEER

S DI L 4.5 ppm ¥ CLRIEE{ECET 5,

B 3

RIS

_YS_.

S ¥



Oxygen consumption in mg/g/hr.

Oxygen consumption in mg/g/hr.

Oxygen consumption in mg/g/hr.

Oxygen consumplion in mg/g/hr

LHFER D

5) Sodium sulphide

S

g

M T S B B A PR

0.200 \g
= L
0146310
0.25 B
0.20¢ \
b —e
o —0
01534510

Concentration of sodium sulphide in ppm

7] phenol
0.35 A
0.30" :
0.25¢
0-205~—4—4¢"§ 17 1%
0.45¢ 5
0.40f
0.35F
88,
0.30F
0.25
0.205~3—4 ¢ § 10 12

Concentration of phenol in ppm

Fig. 19. Effects of polluianis on oxygen consumption

A : In natural sea water
(O : Before experiment
B : In polluted sea water
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(I #THHEY—F
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LTH 86 Th b,
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(&) ARBEBLUCTERATREIEREK
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Fig. 20. Effects of pollutanis on oxygen consumption of goby.
A . In natural sea water
(O : Before sxperiment @ : After 24-hr. exposure
B : In polluted sea water
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82ppm [X Tid% { 7 5%, 4RSI L, 26 ppm L EORBRK CIIMBR OFFU T2, AFE
BB 2 ENBEOIREEY 022020015 mg/g/hr & U T2UBMBOBEEREYHET 2 &4 15pp
mTH%, BERBELEHFEKCL ST LBEREBIIABCHEML, 26 ppm R THEFBECEET 5, -
T, AEBHHAORE T 1 DEOBBIHEGHN L0 LEFELDbRIc .

(10) &7 i

EEERITE0HOCRE D T, HARRCOBREERL, 19ppm KTLETE <, 28ppm KT
YiedTet. REBIC KT 2BENBEOTHE% 0240+ 0015 mg/g/hr & L CUNREOLERELER
FEEBENDI A RETRT L0 220pm, ¥BRMBENREL L ARE ORTELE~19ppm 2
ETH D, EREBEEHERCL ST EBENERRBREEECEET 205, Sppm BEOREINIIIA 1R
FITRICS 2 58T H £ h K& b,

(& &
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MR, —BCENL, BEYEREOEGCERE TRIEEEE TEETSHEM L. DX SED
BREEEREOEEN AT 5 X 5 A OTIICER L FERERAD b Hb, #RO7h LI ERE
CIHRKDEA LIAD T DO BOITEI R & D BT 5 &, MERED LOBEYEA S A ICTHEEX
DRAT DR TiZ, HROWMABRICHTA BRI 7oA A ekt L, 20~805 B 518
KPS 2 & UK BB A kD T L BRI LIAD B o TOBKEILTE L UTE IR &
D, A0~S05 I DTS S LBk Lislih b, 2O X5 illKOBEHEEE S 0458
PND LRI IEEMED 2 U bE w2, LB L CERHE L D 32370 A7alind. It
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ARSI TG BB R OTEME i L U CIER KT # WA ZE D &, — Bl nEc s LTy
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RLICH DT, AOBENEEEC R THEREINRE, Wty — 2R I0FBR» V) 2BNEEIHERE 020
LT TH 5,
RERTROICHERETL HHORGIER THH 21D, ILIESRMCH: - CGRBikkTTihud, =
DEEEE I, - SR DL D EEEIND,, L LAERICIL Lo ~213h 2 B ERECENT 5
MEREE - T By, [HEBEED IHE KTt 1 B R E RN LT, URREEICILE
BEEZ TEELCHEAELH D, RERE—H TR OEEANEEEICHED bk,

Table 19. Effective concentraiion in fluctuating the oxygen corsumption of goby and ratio ©f this

concentration fo lethal concentrotion.

Effective conceniration io This effective conc.
Pollutants oxygen consumpftion
Copm) lethal conc.
Sulphuric acid 45 0.47
Ferrous sulphate (as Fett) 1.5 0.06
Copper sulphate (as Cu) 0.7 0.11
Zinc sulphate (as Zn) 8.C 0.13
Potassium cyanide 0.25 0.93
Sodium sulphide 3.3 0.47
Sodium hydroxide 15 <Z0.03
Phenol 2.0 0.20
Fermentation waste (es COD) 15 0.05
Lamp oil (aos suspended oil) 2.2 0.18
Heavy oil (as suspended oil) i 2.5 0.06
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B S UK BT AEEYETAD L HEINS,

EARABER T, 1HBRR IV 4 AREESA AR L R 2 BE I« 15ppm £ X0 10ppm F4F
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Fig. 22. Effects of pollutants on appetite of goby.
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(9) gkihiE
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Fig. 23. Effects of pollutants on appetite of goby.
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Yor 4 RBOBMCRIEFRBREL 1 AEOBRTEBRCETHERE LA LET 5 L, S X

o S fal 1.

U%@ﬁﬂmjfujﬁ CRETHBREDOHMES, HICK LCHEBS—F HBIHS X CRRET
CEREERC T TRBREOSME  WECET HHHE O LTOREYRATE T,

FLEECET S HEYE CLRDIHIGESEL DL D, .:hb@??ﬁ%i{fo’?yx ST TBFE K ORI
FTHEEIRARNCH oA AR R EEE LTIRET 2 0ERH 5,

Taoble 20. Effective conceniration in reducing appetite of gcby after one-day and {our-day exposure.

Effective concem"rqﬂ(on in reducing oppetite Concr. after 1-day
Pollutants ppm)

After 1-day exposure | After 4-day exposure } Concn. after 4-days
Sulphuric acid 85 45 0.53
Ferrous sulphate (as Fe'™) 5.0 2.0 0.40
Copper sulphate (as Cu) 0.4 0.2 0.50
Zinc sulphate (as Zn) 30 12 0.40
Potassium cyaride 0.4 0.2 0.50
Sodium sulphide 5.0 3.6 0.70
Sodium hydroxide 450 175 0.39
Phenol 9.5 3.5 0.37
Lamp oil (as suspended oil) 0.5 0.3 0.60
Heavy oit ( #” )] 4.0 2.0 0.50
Mabile oil ( ” ) 7.5 4.0 0.53
Crude petroleum  ( ” D) 0.6 0.3 0.50

k-

IR CRO B T EERE N AARBEC EATE {, RBRE ¢, HERE LUt
Vo~ EOBETILS ~ 6 BOMEY R LA, THEEIBEECEATH Lic X 5 IbKP Tl kiEwED
BENRECETT 570D TH D, Likhis TKPTE LWEBES b R THEYE 0Bty EIMORE
X o TEET AE SR LTHRASEBE CTh ) & Th 5,

7. PHUOBEHBEECLETREROEE

(1 7]\5:%@&2@
—TEREOIEFHEROME LT 2FEREPIC 79 D 2 IA LT DAURHEC, TOMERERE
& @Béﬁ/:%fdﬁ/\fuo H/m/m{l i?zAE \-/r 9 L & H T, 12~

=
cy 26°C OFE I HEICERBFE D bR, T
%QG'OS_ o & U 1g b ORREMEEY ¥ mg/hr, KR %1°C L7
5 00T C///ﬁf ¢ %uf,.x:0026i—0018ﬁ¥ﬂ\/L0 Q10 DEILE 2.
£ 0.050 . ThHB, Lo LKA 30°C i\ CiE Ry Bt
é 0.02- o/é%//@ ME - Th7a b, #0035 mg/g/hr Th -7
& 0.01 <l FEr D 7y Y DITE)R LR LR Tz 26°C L
& FOBAIIE 1020 5 L 0 R Lik®, 1
Rl 18 20 75 WE*L:?NT®7%Uﬁ@$ AL, Dk
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Fig. 24. Relationship between oxygen consumption I 2ARERR I L I b ER F;»Pﬂ?’;CﬁWJT’QO L7 L 30°C
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Bmﬁ#oh%,%%ﬁ%wmkﬁk@7%vﬂﬁhvmfﬁ%ig<%d,ﬂa%§<ﬁbf%ﬁfm
1, 48RRI —E MBI Lz, ZOMR L 0 AT, BEANEHMIChI- T 30°C U EoEny
BT o880, 7Y IVREREELE: L LE LRLINE, THEXKOBRELSLTLEETLLERD
. ‘

() BOXEEOBE

THVE 1~2g, 4~6g FIV12~18g O 3T T EHOBENEEY T C ERITERR
TEYCH D, FH15g DN CEITRER RIS URBEREE S, FF55g OFL 15g O
FEL ORNCILESE 21 RD BT, 1 HBEIRE UERRT, L LAER TROCBRHERINEE

Gl BEE 1g MY OfETHY, NMRERCCAEER 1gX4) OlETitivihb, HEBCHT LN
EEOHRICL > CELASND EBLRADT, TOWENEORNC L » TR DPEPICDOVCTIRET L
Fro LEEEREDSMEGRT OO TR T, REECHTHNREECIEOTHEIL 15T
0.526, 5gTET 0535, 1I5gRETO0536 ThHY, HOKREZLLZERIBAERD LRI - T, Lic i
wTil~2g O/NXIBOBMBEEEENS BT, LROHEBEOEEI X 20T, HRRFREE
CHhH DA CHNCHED =5~ BT 50bbtEL BN,

IERHEEOKRE T Y O AR OFIEICE NS DR = OE LIcb DR H 0, —EDMERER
IR EID o Tonl, ZOBOEREITR I - TR 7 + VO THRGBHET 20ER D 5,

Table 21. Relationship beiween oxygen consumpiion and size of short-necked clam.®

\\Durcﬂ?r;mum) Oxygen consumption (mg/a/hr)
e ey T 1 | 4 24 2%
1.56 0.053 0.050 0.042 0.043
1.65 0.053 0.0561 0.038 0.040
4,85 0.032 0.037 0.030 0.026
4.93 0.036 0.033 0.028 0.031
15.02 0.029 0.032 0.029 0.025
14.81 0.029 0.030 0.029 0.031
Temp. (G(e)] 17.3 17.3 16.1 16.1

* Venerupis philippinarum

(3) TFTHEBOXE

ERAERIIF2FCRTE Y T, LRGBS R T MRS 2 R L e 2 £ £ e b, 245%"
TR T 6 ST HREOR 2 FOMEE T, Ui LEHZEET 2ol TBREEERIRD L, 248

ﬁ&k@%%ﬂ?&ﬂ%ﬁﬁm CHET D,

&) #kozg

ﬁLDOmﬂWLﬁ&®KDW&A%—MmTOmAC%c,& FBEER R R TR AR (R
W B B Yok DR s, B RILSI28EICR T Y €, CLEER 14.6¢/! DT OBBRE Tl
YABEARDRAT B Lw B Uth, 1R 2B Lz, COBSuE 10g/ILTORBRK T
BERCEEEE TR D, RIS L T TRR B T i o o, BB RS, 8 &, 12g/1L)
TORBE TR NCTO7 v U ga X (E, TOBEFEERLECE L TRERRICHT 5 1E
6 0.014 £0.003 mg/g/hr D2 & LT -T2,
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CligEmn 12 g/l Ll EORBR OB EEBREINIEFEEL R T2, 12/l KITHBEAE L L EV-OTER
L7-RRHEEELEBEEIRT 5, AEREREL DB L T2 74 ) DRFREEEC RIT TR DFE

Table 22. Effect of time exposed to the air on oxygen consumption of short-necked clam.

\\ Duraﬂozhour) Oxygen consumption (mg/g/hr) Water temperature
Time exposed\ 1 ) 3 o4 °c)
to the air ChOl.N

0.1 0.03¢6 0.034 0.036
0.2 0.034 0.036 0.035 19.2+0.5
1 0.038 0.037 0.038

24 0.052 0.040 0.036
0.1 0.076 0.017 0.016
2 0.020 0.017 0.016 12.6+0.5
4 0.029 0.018 0.016

24 0.032 0.023 0.018

Table 23. Effects of fresh water on the rate of shell-fish with stretched syphon and on cxygen

consumption of short-necked clam.

Conen. of chloride In polluted water In natural water
(ol a5 CI) After 1. After 24-hr. "“e;fp“o':u“re
sxposure exposure
18.90 87 87 93
Rate of shell-fish 14.60 37 43 93
with stretched syphcn 11.97 13 17 100
(%) 10.03 0 0 100
.01 0 0 100
6.75 0 0 100
18.90 0.013 0.014 0.013
14.60 0.015 0.015 0.018
Oxygen ccnsumption 11.97 0.014 0.013 0.028
(mg/g/br) 10.03 0.000 0.000 0.030
9.01 0.000 0.000 0.028
6.75 0.000 0.000 0.033
Woater temp,  (°C) ‘ 12.0 12.2 12.1

RABEGERLHA LN TEID, ERENLLLLEYROEEL, Cl L TH b/, BEEELT
#320% CHI> M D LHEE I N D, Mo RIAKREE TR O BRI RIS 33K O 2R TR Wik R
i EIHTE T Ch - 7o,
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LD X5ic, 74V OBFNEELE« L BEROBELZT 400, BBRNEEBEC ETHRDEOY
R A TE - 23R4T, R UBFT CEMICIER LicaiEB URE X, oA RERCHTHNMREEDL
VY iﬂ U7 VR ER L, ¥sukoBERs X OESREY EREEICRES, TRk L URBRCIE

Lg% CEE S TR A 1R E A S e SIS L TER R (T - 7o KPEFRRE
DB D\ T [T - Tdeds, 7 W iE~EIC N THRZEEN ) DIBRENEEN DL LofE
BETH LD, TACRET Ciifii4 BEE OB ARET AEFREOTRCDWTL, HEDELRSL

Th LB L, L LA TEEROTA LT AR CREFHEORZVHBE Db, &
BKEFBRRE EBEREERE & ORI D TR fT\Toly,

8 TFYHUVOEBZENEELIUCRBECRETEENEOCOREEER
M wm &
PR ERIC RIS TRRER DB S~ S R B U R D T, 179 ppm(pH 295K RTINS

Table 24. Effect of sulphuric acid on the rcte of shell-fish with stretched syphon.

Rate of shell-fish with siretched syphon (%)

pH in polluted water In natural water after
24-hr. exposure

Concn. of sulphuric

acid ppm
(ppm) After 1-hr. exposure After 24-hr. exposure

179 2.95 7 7 93
108 4.83 80 100 100
75 5.88 80 100 100
57 6.20 87 67 73

48 6.48 87 60 67

0 8.15 87 67 76
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Fig. 25. Effects af pollutants on oxygen consumption of shori-necked clam.
(B : After 1-hr. exposure (In polluted water)
@ . After 24-hr. exposure (In polluied water)
(O : After 24-hr. exposure (In natural sea water)

BB 24 BRI 108 ppm [ ds X 1875 ppm K OBAREKIL 100 4R LNBEK L 0 @R THD

Y, ZIBORBRK D 7 VIZ2URRRBICII TN REIC T, R RECHERERRI ML T Ik

KRB TR o e BAEE EEI L0 120 ppm(pEl 3.2) TH - 7Toe MARRIERE B bEEREAH LTS
VEHSETC A » et IEARBBELREE LWL O EEEI RS,
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MEEEEC T THEL RS RIESNOILTRTEY ©, 1 BB OBEIEEE Tlou s, 245
B TS ppm LLEORBE CHIBENBENS RS, Bopm X7 ) L ER LI 5 CBETH
D, FRBMEHEBELWBRICESTAmn s hERERNC L » TEZELZITob D L FEL T IV, REEIK
RIZ BT ABERBEEOLHE% 0.02040.005 mg/g/hr & LT, 24 O ESH B RIS T B SRRy
HERE 5 L7960 ppm, pH & LTHE6L CTHD, ZOEIZ~EZOBHELIV LETEVEETHS,

EHRBEFERKCL &5 8, BREEEEIHEINL, 108 ppm DT OEE CRIEBECE T 15, Z0R
EOFREAY I B CE A BRI I EREL MM oTeb D eE L bR,

(2) #HEV-—F

BRI ST 3 A T~ R 25 R T 0 ©, 110ppm (pH 100) Ll DX T 5hs
CEHENRRED bR D,, AR TR AR 0 ppm (pH 9.8) TH - 7o,

TRSR M S I R A SR~ S BB 250 201 7R 9738 0 T, 50 ppm 35 K U8 75 ppm R OBERIEE
BT IBHACITETETT 22, 24 BB ERECET %, 110 ppm Ll EDOFBREK TIZ 24 BREHC
EBEEERD DI VETT 5, AERIEICKT 2BENER O IEEEY 0.016 £0.006mg/g/hr & LT,
AR O BB E A IEET 2 L0 0 ppm, pHIBEBETH D, = OEIEMERC g HEEE L —3
TAD, ~EOMBREEEC ETHERECEN TV BERETHS,

Table 25. Eifect of sodium hydroxide on the rate of shell-fish with sirefched syphon.

Rete of sheli-fish with stretched syphon (%)
Conen. of sodium
A pH In polluied water In natural water after
droxid
yaroxiae Cppm) After 1-hr. exposure ! After 24-hr. exposure 24-hr. exposure
180 10.18 20 0 53
110 9.98 20 13 73
75 - 9.44 87 73 80
50 9.19 93 73 73
40 9.02 93 67 67
0 8.20 100 67 73

FERBEEREERKICL &3 8, BEMNEEIIEINL CEFEECET 52, 110 ppm 31k 00180 ppm K CiiE
BEEIPAR L O i S P EEEL MY R I b - 7, JhiEA~AEOBRSER~ol s KL B0 HMH,
B FC R L Qe b, Chy W RERCEEY 5.2 iR LRI RS,

(8) whEm

BRI T R R TSR 263 R E D Th B, Cu & LT 0.2 ppm M EDOFERK CLIFiR
SRR A I LT B30 PP+ UA AR L, 1B 0.054 ppm [KIZ 36\ T B BT B2 Y
DHHIB, L LEEEORET 2o THBE LT e 7 ) LR 5 4 B X ik, 24EH OREER
A Te DIBINT B FIkAREER CROFBREILH 006 ppm Th -, WABEER X D A CHEER
RIS BRI Cu & LT 005 ppm BELE 2 bR D,
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Table 26. Effect of copper sulphate on the rate of shell-fish with stretched syphon.

Conen. of Rate of shell»fish with stretched syphon (%)
COPPe'; In polluted sea water In natural  sea Temp.
(ppm) After 1-hr. After 24-hr. After 48-hr. ;ﬁ?i;pg‘;ﬁrjg- o))
exposure expasure exposure
0.52 x 0 20 — %0
©0.33 0 20 — 100 24.7
0.21 ol 40 — 100 4
0.17 20 40 — 100 0.3
0.09 30 60 — 90
10.00 90 100 — 90
0.074 30 60 80 - | - 20
0.054 40 60 g0 80 22.6
- 0.032 70 70 70 80 ¢ +
0.025 70 80 80 90 0.2
0.015 70 90 %0 90
0.00 80 80 70 80

B BT U T A PR FE BN EE26103) W@ D T, 0.09~0.54 ppm OHIFR T 78 o T RR
T RHBRECEE b &N b s, 0074 ppm LI F ORE T s » RS TE, 5 TOEBRRHR
B EIL 1 BRREAIC 0.025 ppm DL ORI T L Fe B75, T OBRITKEEIC BN L48R #11% 0.032 ppm
¥ & CIUMIEIE#E .(0.087 £0.00 5mg/g/hr) 13 %, RBHE L) AT, SRHEOBRBEECRE
TR0 0.05 ppm EHEE SN B, & OEIBISERIC RIS TR L 5T 5%, ~EOBFNE
BT THERE LD LK,

ERBEEEACL & E, 017 ppm DUFORBK TREREEE/ HEINL, EREEZ AL ED
B 7%, 0.21 ppm Bl EORBE TS ST EM L bbb b T RENEERLEREMEE T
M Lo CORE Y b, Cuk L0210 ppm L\ FOFREERENA & LeiEkiC 24 FRHEE SR/ 7 + U Ik
i) OEBEEL I LD EEL DN,

B s T OMERBEORAZT/ LI VA5 E, 79 VIR THECHBENCT L TERTH HL, B
MNEET HICONTHIRE 7 D, HLEREDFHML 4T HERE KT TLRR L TEFTE L LD
LHEIRD,

(&) TEER

BEAYSRIC S R R 5 i R TR TR TH B Zn & LT 8 ppm L EORERK TILH
BT SNVAT A TR INES 10~20 5 CAS A B Ulgd, 1EFHBR RS HRT 5, IREEOBEBRRBICK
IFT BRI Sppm EETESh, ARRBRELIZER T TH . Lo LEERRIIRHEOREBT 5
o TN L, 48ERAEICIL 20 ppm EOBRR L HREK R UEL 5, BIREORE A ZIHRERED
Ba LA UERYFRTH, RREESEC R CIFRBERCHT 5 79 ) DU EGEIREBEROSE
LTS I B B,
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Fig. 26. Effects of pollutants on oxygen consumption
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RSENE B TS8R R E26[04) WORTRYD TH D, 09~8.0ppm DEFHTITR » 7R
ETIr 8 ppm RKOBEMBEIT VL, #73.5~20 ppm DFEE T/ » e EBR TIL 64ppm LT D
R OMFHEECITEEIAD b, AEBRKEBCST 2MBEHEREOEFEY 0.037+£0.005 mg/
g/hr& LT A8ERMEBOMERELHETA LM Tppm ThH o,

FEEBIEREICE E T8, 2B OMENFEEIIEML, EHEFCEBELD LETECELR
TEowinB, COFERLY, EREBEGHEOMBIERY 2 HHCH AP EIH T IREILVWLEEZELD
b,

Table 27. Effect of zinc sulphate on the rate of shell-fish with stretched syphon.

Conen. of Rate of shell-fish with stretched syphon (%)
. T .
zinc In polluted sea water | In natural sea emp
(ppm) After 1-hr. After 24-hr. | After 48-fr. f“mrﬂfmr48' ‘O
r. exposure
exposure exposure exposure
20.0 ' 0 40 70 80
12.6 10 0 60 70 21.0
8.2 20 0 70 80 +
6.4 30 50 70 90 0.7
3.5 40 60 80 920
C.0 70 80 70 80
8.0 20 70 — 100
5.2 40 70 - - 100 24.2
4.1 80 70 — 100 +
2.2 100 70 — 100 0.2
0.9 100 70 — 100
0.0 100 20 — 100
(8) BEEHY

B ERCRETHE Y VBRI ERFCR T80 C, EREETH CIEE LR ERIZED bR,
Fo R ARERC BT LB RBE TH D, 30 ppm OREEEERORBFED 90 Z%m Lic, UEDX
BT VIXEWY VR LCHE TH LD, ~ELOBEERABCER » ) OBEEREBIINLDE
<, TOFMLIMTAREEL LB Ty,

TR BRI TUE TR -V ERILER26[X5) iR 3R ) T, LEFHBITIITEA & HES D b
WAL, ZARRRIACIE 01 ppm LA EOFEBKOMBEEEEN S b, FAERKRCRT 2BIEHEEDE
HE% 0.040£0.005 mg/g/hr & U CA8ERIBOMBRERZHE TS L 0.1ppm THDH, EHEEEFEEK
b ELTh, 042ppm bl EORERK CIXBBHEEDEKTIMESTHY, 0.15ppm KORRHEELIE
HECE S, FREBEKCL ELTHE 24 BHBIRREHEEL I, FBRAYEIRS bR
$°0.15ppm Ll EORBRE CIEEEERMEE LT, ZOFBEL 0T, 015ppm L EOFEEH V25T
BRI 2 HRE IR 75 VIREIERE I S OEBHELE b DL EL DR,
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Table 28. Effsct of potassium cyanide on the rate of shell-fish with stretched syphon.

Conen. of Rate of shell-fish with stretched syphon (%)
KCN In polluted sea water In natural sea T
Cppm) After 1-br. After 24 Afrer 48-hr. ﬁf”i;sgfjéf‘ O
exposure exposure exposure
1.11 460 70 — 70 22.5
0.68 70 80 — 80 +
0.42 60 100 — 90 0.3
0.00 %0 80 — 80
0.15 60 100 100 100
0.10 60 20 100 100 22.4
0.07 70 100 90 80 +
0.05 8C 80 90 80 0.4
0.03 9C 90 100 100
0.00 80 100 90 80

(&) ®@tv—4

B ERIC MU T B E R T R 29 R 8 0 C, FRIBETGE CREE L EENED BRI,
Las LASER R 34 ppm A EOREBRE D 7+ VIddd K& (B E, KELZR ML Oz, KRR
TROTCEEEREIZS L LT 30 ppm TH <7,

TR E BB T TR T R 26 IR TIE Y T, WHARKROMBEMNEEY, 4RHEET T
(36 1ppm L T ORBEIC B TR EEEN T B\ by, 48RSt &Buc i L, 34ppm L) EOBEE
R asBRICENTE LS EWERY R T, ARBKRIC ST 5BRNEEDOIFF{EY 0.041+0015 mg /
g/hr& U C48BE DB B BE L HEE T 5 L1 2.5ppm TH 5D, ERBEEFEKCL &8, BREERD
—fET L, 3.5ppm LT ORBE CIRIEHECET 5, 6.1ppm Ll EORBIK OBEEHE R 1 kK
LS WEZT LT, ZoESFC TEBERPICzL 28 24 B2 B A EREECEL
72,

Table 29. Effect of sodium sulphide on the rate of shell-fish with siretched syphon.

Concn. of Rate of shell-fish with sireiched syphon (9%
NagS in polluted sea water In natural sea
(pom as S) After 1-hr. After 24-hr. After 48-hr. \P/lvafer cffer. 48-
r. exposure
exposure exposure exposure
12.0 50 50 90 100
7.8 60 S0 90 100
é.1 60 $0 k4Y 90
3.4 60 90 80 80
1.8 80 eo 70 80
0.0 &0 80 380 80

Water temperature : 22.5+0.1°C
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<7> EU\Eﬂ
BRI RIS T A P LT B0RIRTE D T, LREIHRICI A AL RO i\ A, 24@3‘
R8I 4E 10 ppm K DBRE HBRE 050 % L PR T 5, IhAKEEE TR EREILH 20 ppm T

2507}\10

Table 30. Effect of phenol on the rate of shell-fish with stretched syphon.

Concn. of Rate of shell-fish with stretched syphon (%)
phenol In poliuted sea water In natural sea
Cppm) After 1-hr. Afror 24-hr, After 48-hr. prater after 48-
r. exposure
exposure exposure exposure

10.0 100 50 50 90
6.0 100 70 80 80
3.6 100 80 90 90
1.8 100 90 80 &0
0.0 100 80 80 ; 80
2.3 100 100 80 80
1.8 100 90 80 80
0.0 100 80 80 80

Water temperature : 12.2+£0.1°C

G

e SR B TS R TR e R B 2T ) —_—
WWRTIED T, AR ABERERL, 18
Mg T 2R B E S CHRKED 2 RO ER IR
Y, 4RI 3 X OB IR I MBI EE T S\
T e DA+ 5,

RSO T IR R RO 0017
+0.005 mg/g/hr & U -TASKIE O RPB BB & 72
TAHER 3ppm THh D, ERBEFEKCLIL
THBEMERETZE LV e RSy, it
DEFIFEC 24 RHIEEE KRS - T 6ppm 0.0 7 i 6 g 70
L EOSRBE TR EEBEOETATEA S5 b Concentration of phenol in ppm
HTEERHEL QO T, BEELST-T+ Y Fig. 27. Effecis on oxygen consumption of shori-
DBEFHBENBE ST IEEECE I AL, o neciei\fi(:m]‘-hn exposurs (In polluted sea water)
HAGEDE LA BRI GRS TR D, s After 24-hr. exposure (In polluted sea water)

LED XS, T4 i‘&’ff‘;@J’f'%E; Yok FIE 3 : After 48-hr. exposure (In polluted sea water)
WK AN R A, TOBRREREILIT

O

<D

Ut
T

T

Uxygen consumption in mg/g/hr
=
<
<

0.04

O®@ 0

: After 48-hr. exposure (In nafural sea water)
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—EEXERT D, DLBELULOFHEDENGERMEND L, MEREEL, HIIREEEENET LT
Bo THEWECKT ARG OBREXHEDECEEC Y » TELWEERS D, RIS EYE T
VBB RIIRITTHERBEARE LI WEE LD D, FMBIC RIS L CERET Hit % I5EWED
BETYL, BEREChE - UBBEKCEbT L, 79 V—EA LA B2 HOMEAD TSN 5
Nl b, DX EEYEOHBRCRIETRERE L, BEYWBRBRYRINL THD 1~ 2R
FARBERETH D, ILARERBR TRO BRI T BRI ARERE L 3E—KT 2852140
»lehb, OREREEIIERKARBE CRE L T EX LI biisg,
BFMEEBCRITTHEEDEOFEL, BREOECEA I LI TRVD, TORERFEE LT v
VDRI DB T B E T - T, 4B 148 BN NENS B, FIEEE T T
OMREMERL, ~EOEE LR VLTUAEFREL VPSS ERELT, EFEIOLREL L
BBEELD -7 b, BEBEECRETHEWE OREREL, JBXOBIREEEY EHE L ILE#R
LTHEETETH D,

Table 31. Effective concentrations of pollutents in closing the shell and in fluctuating oxygen

consumption of short-necked clam.

Effective concentration (ppm)
Pollutants Ratio of A to B
B A
Sulphuric acid 120 60 0.50
Sodium hydroxide 90 90 1.00
Copper sulphate  (as Cu) 0.05 0.05 1.00
Zinc sulphate (as Zn) 5 7 1.40
Potassium cyanide > 30 0.1 < 0.003
Sodium sulphide (as 3) 30 2.5 0.08
Phenol 20 2 0.10

A : Effective concentration in fluctuating the oxygen consumption.

B : Effective concentration in closing the shell

HBIFTIIAFER TROIHBER LOBREBERBC S THFEYWEORERFRE LHEDL YR LY
DT, HEY — &, Bl L OMBESR TP EEENRE R L TOWE23ES» ), iy ~ Xk X
AR T, BREERCRIETHERE HRRCRETRERECHNTE LR, MTECETS
EEWE &L THERKOFEY, HRECRETHEREYEEC LU GHETE 2 B o0%, #BHEC
B+ AHEWE Y e b TIHEKOBEED, BRRUOFE L RERIC L » TRO I ERFIBE 2L
LCHIE Lisl e b, REBRCRDOBFEEEC RETHERABEEL RBROBE Lk
S EOBRFEB B RITTEHEEE L REDMER RTHD, —RICEBEERNTN T 2 TEEKDE
WA il 28 U CERTE 5 E 2 bR D,

8. THEBEKOANTECHTIERCHET IFEER

ARGECTIT70 » 1R 2 I B OB BRI DX 02 EiEth LT & 1028, BB~ et g ik vR
DITHEYE OFEBREE L HEBRR L, THEROBNECK T 5HECE L THEENEE R T/ -» Th
YA

28 32 MITIMAKFBRT X TRD I~ T5 A BHOBBEEOHA S JO REHEY —FE L&
RLIADTH D, FEREOCREERNFEWEOBEIC L - Thih DENH DL, S5ppm LTOLD
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5% <, BRCTRERER, BB U, BEROTHE LOBM TR 03 ppm T OHETH A0 5, ZDOLIT:
HEWE A& THEKOBERITE

A EEOMBREOMELLEEWECL » TELWEEND S, COMELEHEE T2 L, REY
ey TR ENEE R RS TR ERECE L, TR U s TR EE 2

i

Bl

Table 32. Relative sensitivity of various assay method and minimum effective concentration of pollutants

tested.
Minimum effective
Pollutants concentration L : Ab : O : Ap
(ppm)

Sulphuric acid 40 100 : 42 . 47 . 47
Ferrous sulphate (as Fe™) 1.5 00 ¢ 12 ¢ 6 : 8
Copper sulphate (as Cu) 0.2 100 : 23 : 11 : 3
Zinc sulphate (as Zn) 8.0 100 : 30 : 13 : 20
Potassium cyanide 0.2 100 :778 : 93 : 74
Sodium sulphide 3.3 100 : 84 : 47 : 50
Sodium hydroxide 15 100 : 58 @ <3 :<35
Phencl 2.0 100 :250 : 20 : 35
Fermentation waste (as COD) 15 100 : 88 : 5 @ —
lamp il (as suspended oil) 0.3 100 : 12 : 18 : 3
Heavy oil ( ” ) 2.0 100 : 10 : 7 : 6
Mabile oil ( ” ) 4.0 100 : 56 : — : &
Crude petroteum ( 7 D) 0.3 100 : 3 : — : 1

L : lethal concentration, Ab : Abhorrent concentration
O : Effective concentration in fluctuating the oxygen consumption

Ap : Effective concentration in reducing the appetite

TORCHES 5o ENTED, Alb, &1 BIRBH—k WL X OEmED L5 K BItRECX 3
BB EEEERE DA 0.06 LT OB EWE, 2 BTl E LOF by — £ 0. 5 CfRBE, BREHE
BB IOEECTIESTEERED SEMNITELL, OEEFIURE LR 12 BETHLHEY
B, 53 RIFETAAD X 5 IS BICIEEC T A BRI AR O HAVE 1 B & 5 2 ORI AR 358
T, EATIEB S VRS XOHRRBO L S ICHBRESBILRE X 0 bECITERE TH S,

BT T EKORE Y FE T 258 & LTURA SR 55608\ 25 kil L X 5 W BITRE R
ESEEE ) LZE LB, RIFEBERLT b TBREADEEEXHET S 2 LIIFZL TR, i
FOILBECH H—TEDHRE BlE0.1) %3 UTAYFHRERELHET 5 HEI M RR SR T 55,
ORI T A R R B O BB E OBEIC L » TE LR, TORII—EDEEL
T TFHEDR bl AR T FT e » T, TAANOEEYEC DV THELELZREL Tl (&
THHd,
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MEREX—RCIZERE XD bavic VL, LEOH BB IVEIHCBTAHEREOBEI, +
DEMFHAEL LTEWTH LD, REFSEELENTELWELDIBEWE LS <, B Rog
AFRCET 25 EWEOERBEIEICRE X 0 LB D, I OEY TBEADO R MEECE 5 o
&L EECIEin .

MAEBBEC I THEEEIFULEE R JUBEREC R TEMCEVEE S <, ¥lo@ogRE
BT THERE LD TIVAD, THIEROEELTHIT 258 LCHYThrEE2 bR,

BHCETHERE LA BCH e 5AERR TELNWETE Y, 2EBEG O BB L ¥
BREEL LA LN Db, AR TR ATEEOHEBEE O TR b M Il Th 5 L %2
TE<, ZOEEYTFHRERECEL Lo Ths L#fzmahs,

BT 28 EOEEL, WEETHENEOEER L0/, BEKOWE, KEcic k-
TERIND EBbNEE, FHEBERAY TN COBACEET A LIk TEiwiTh e, BIERER
IOMBRERBIER T8, Y7 21 3B I0E 7R 5B EWE OFERE OMIC IS /350
DHRT, Elo~vl T ) OBREBEC RIETIHBWE OBEREL RISE LA NE TS LD
ST, AP TRDIE A B ERRBREIROBBEANRCH L TIIEETE 5L 0EEL bh b,

RS AR O KBRS L O THFERK O UIEEE L RET 5 BINTC, 84 ey ks ige s
Ao, FICHE A T T A A RS L O B B IR R A ST 5%, S h b OBEEIE
KIS <, BRRENCH 2 FACG BRI B U CaiA EHENER LT £ 5 THh B BER
LIcE 50, [RGB CROHEYE O FEEFEE I FAERE L 0 L5, HokdhcE
LOCREZR(LZ RS BYE OB I FARBREDENRE Vb, BAEOIEKSR TROLEEE L - T
THBRDBELHET 5 DY Tl 2o THEKDHEBIEMHRTH Y, 2BEU EOEEYSE L
ERG E LTETBE 2%, BEWERLEOBNIERCEAEAC L » TEOBEAEET 5 TH 55
M0, B—I5EEOEEHIE» DEEKOGE B EE TERVEE L E 0,

iDL 5w, THFEROBNMRCHT 2B LIS BRI L ET S A0S BIh T 5, A&
FIRFMERNZ OFBOBRFER RCA UTL BT TEETH D, SHBILE DL« oiBE i E gty
RACTEBATRBAL VEZ T T E o & LTS,
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1L AKhEEWEO BT A BN YRR T 5D DM AKREREBELEITMIKL, - DRER{EH
LTHTOTHEKE LU 4 ek OB ENEO WA T 5 BOERFARE, MERARE, BRHE
ER IOEHCRETBERARE, noUR Ty OBEEEER L 0N ROMEETC RIT T FERA
R, F kKRR FRC T - O ERBRRE R & R Lo

2. WEZOWAREREE B 1) O >WTHEEL, TED LS EREEl.

1) AEBIMEKSTEALE LU CEEESE B Ly, 1 HORTEE»LHFEYERR—EE
PO T+ 5720 THELMREER L ET 2R IANELR D,

(2) BEEEAHED ST ARKEOBEYEREOFERIL 1 ~1220HET, BEORVANIEE
B PNELTnh

(3) FBHEKOHEYERECEBRCH > TRE—EEHX R,

(@) FAROEBWEEEOHME Crppm 13, BEAE)DBEEMECRAT2HEREY Vmnl/7
FOEEWEEEY Cippm, EEESBCRTHIERAKOHAER JUFKOHEEYE~. 4
ml /533 L O Bml/4FoL+nE, KA THEETE 5,

Cn—1{V— (n—1)B+ (n—2)A}
V— (n—1)B+ (n—1)A

Cn=

L, ntBBEROBESFT2~5L7T5,
() FAKBEDOBEMESA (C1/Cs) 1%, FROV, ABIUVBLEEIEAI LTI TESHICHET
x 72,

3. kAR L OURARASBE CRECK T A BB OTSEEE (24hr—TLm) ##EL, /oK
FEBBAIC BT K ONEE LA WHET L, Tad X 5 IefE R a5,
(1) FikSRRE TR DI ST A RIEEENL, R T 95 ppm (H & LT 51), FREEE—§ET
Felt b LT 25ppm, HEEHTCu s LTC65ppm, FEEIEHTZn & LT 60ppm, MRS v — AT
Cr & LT3 ppm, FlsH VT 0.27 ppm, kY — & CT7ppm, HREET0ppm, Ay 21V —
AT 10 ppm, FEY — 2 C500 ppm Bk, BREROLTH T 12 ppm, WMEEOEM T 3B ppm, BB
HRoE €~ T 85 ppm, FREROENT 25 ppm, FEIRERGERAKT Fe & LT 20 ppm, G A
APREEER CHREEE LT 7Tppm, 7w b VT & — A lREEREFEK T COD L LT 600ppm M E
THBDo
@) BEEDOYHIA$ERBIVOATOHE, AV=E PTG EDEOEIEEL,
VI AEGLERE & N T— R BB 72030 s

(3) ERBAERTST LB YOESBMBEOBIEREL, HRBERACHT2EOLREID L
m
(5PN

@) (FRRFE RO EBICEEL, TARRBRE L AT Em <, BIChERE g, SRR, R
by — &% JUERERENDE Cll s DERIE L,

(B) AR L KRR TROCEILREOMICEE RS H HHEWE L, LT TREDHE
LWL AR TIE TH 5,

(6) FIEREVFTAEKD pH B/ 5o TE L 7e 5,

(1) B TEREKOBEINREEMELYEBRZ SR DL I ATRMNEETHD, 00X 5K

EYWEOBULRE X MKRGRR CRET 5 2 LR TH 5,
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4. RECHTLEEDEOBRBEEYH 2 MoKEYRACTERL, TRED LD RiEReE,

(1) ~E, YHEAVFELIOATOMAOHRFAFEYECK T RERISICHEE I GERENHDL R
7o\,

(@) HERAEC T AEDEREL, Bt T40ppm (pH L L T66) , Flls—gcFe™ & L-C3ppm
BREEEA T Cu & LT 15ppm, WEAEESCZn & LT 18ppm, FEe» VT 21ppm, HifLy —&T
3.8 ppm, FiREAT25ppm, Tl AVREEK CHIEE L LC 28 ppm, SRMEIRITIHC 1.4 ppm, 1§

EIRE T 5.5 ppm, FEEIRIEE T 07 ppm, B IHH5EKTCOD £ LT 175 ppm Th 5o

(3) BEBET—BRCEITERE LD LEL, BECHT AIEEDOLY 05 UTOEEBEWEL S\ HHT

TREAEE—Pks OB Tl 2 O Hapv v E

@) FARBRER LOFHR Y ORBREGEFERECHE S TENTH
6) HEWECH T HEREE B OBRE TR AR B AT,

5. ~EOBMBHBECIETKA, KPEFBRTE, WAKESIUCREORE SOFELHN, TLo
I S IkERE B

(1) ZK{EDS 10~26°C DHEIFC kT, BENEE L KR L OECEMRBRI DD, Qo DHEIL
22 THDH, K 20°C LR EBFREEEIIHIEL, FICLEBEZREL 0,

(@) BOMBHEBELABRECIMATAIKOBERTEE L OMREE 4 NOEE TRl Lk R T,
BENEBEEIAKOBERZEED 6 ppm M EOHILIZIE—E @A Ho0%, 2.5~55 ppm OFIFIC
BT HE4Lkh, MOREMEERE/C\ . TEREREEN 2opm LTI 2 LBBEHEREL
B A7 {7 b,

(3) BfEOKRE S 04~45g OHEIF T, BEHEEECRITTHRBORE SOFREIFEDL L,

(4) FiKEA 1~221/hr OFH T, BEEBERCRIZTIKEDFEIRDL I,

(5) HEAMAKREBE TROMBEEREL RO LIBADHBERRERGEE Wkt L » THITE
B

W=V (b—6) /a
et l, VIRmKE (Uhr), a ZEBKERC T 5 ROBAHEEDOIERE (mg/g/hr), b 3R
B AT A KOBEFEFEE (ppm) THD,

(6) ~CIEHTAKPAFBREROFILEE R L VHSEE OREEE LR 4K 2 ppm 5 L UHY 5.5 ppm

THBDo

6. ~EOBEWPBRBCRIETHEDE ORBRKEE LT, T X S iERedi,

1) HHEEUROHEEWE ST TRE Lt E0BREERL, —BECEEECTh
7%,

@) ~EOMFHEEOWND & FEITRAE & ORI BRIk Db D,

(3) ¥ DUFBMEBOMBBEECRETHEYE OREREEET, TRT 45ppm (pH ELT
6.5), BilgsE—4:T Felt L LT 15ppm, s CCu & L TO07ppm, FREAHEET Zn & LT
8ppm, BEEH V025 ppm, LY — £ C33ppm, HEY — £ Tloppm (pH & LT86), FHEK
B4 T2 ppm, MEETHFEAKTCOD & LTl 5ppm, BERLHT2 .2 ppm, BMEREMRT25ppmT
H5Ba

() EREEBEICRIT T EEE L RICEITREC AN TENTEL, BHECT AFE 0”01~
0.3 DEIFA A I HEWEI S,

(6) EBEEFEKCLETE, 2BMEBOMREERL, Wik MEBE—8 by —%, BEE1LE
FEkds XOMTIOBEITIA e DML, H5RE & CRERMECE T 52, ol ofRBEYE
DEEIFEA EEERRD L,
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7. ~EOEBE RSB EDE OB EREY R, TimD X 5 Ry B,

1) HAREL LOHEBWE Y &L b TRET AL, ROBRITKECRRE T Aicse (EEL
Telleh, ZOEE L b ETORRIBEEREORENS VEKFOEIZEE G,

(2) 4 BHOEC TS EEEL, iR T4 ppm (pH & LT65), FEEF—gTFe™ &1
T 2 ppm, FEESHT Cu & LT 0.2ppm, WEEEATZn & LT12ppm, FEA ) TO2ppm, fff
iy — #C35ppm, WY —F Tl ppm (pH & LT 10.2) , GREET35ppm, BERWET
0.3 ppm, FHEREELT2ppm, BERE € — A T4 ppm, BERERT03ppm THS,

(3) 4 ABOMEREY 1 HEOFERED Yb~b ILET T 5,

(@) WREREE—LE, TR JOTRLY — &0k, AGREER TR o R R IR B G RR (ET I
RTELLEL, 5~6E0EERT,

(6) 4 BEOEMCRETHEREEEL, —BCHRRES IOHRRBECLETEL (B,

8. TV OMBMEEEIC T TAE, THERMN, Bk IUEORE SORBELEN, TR0 LDk

BEEi, -

(1) KB 12~26°C ORI B\ Tid, KB EEREEE L OMICERBIRIZRDDL R, Qo OfEX
#2.6 ThDH, Lol 30°C ik » THEBEEI DI /tb,

(2) THEREIZ 2BFRIM L 7o B &, LFFRIROBMEEER I THENAE {2 o T2
23, R L2AR HIBIC L E R ETE T %,

(3) MACREZN20%L E (Cl145g/IDTF) s 7 VIR L, TOEBREBREIELSL
B+ 5. ABESICIEREAC S ST ENBr ke HE, BREEERISBCHENLIEREDK
2 &b,

(4) 4~18g DARXIDT7H V TIEMBEMBBICRIETAKORE 2OBEIFD bR,

9. T ) OBMBENEER IVHBRCRETHEYED PEREEELRS, TR0 L5 k#EREYE
<o
(1) 1~ 2 BRERIC 50 % 5ERER ABEY, BB T120ppm (pH & LC3.2), Hftv — 4 T90 ppm
(pH & 1L79.8), FifesAT Cu & LT 0.05ppm, BHEEHELTZn & LT 5ppm, FEEH Y T30 ppm
PLE, By — 4TS & LT 30ppm, GREET20ppm TH D,
@) IEARBEBRTRO PR E T ERE T FRROWMAKRARE L 3IE 8T 5o
(3) BENBEC T THEREERET, W T60ppm (pH &1L T61), %Y —£T9%0ppm
(pH& LT 9.8), HiEssR < Cu & LT0.05ppm, WHEEEINT Zn & L (7ppm, FEE» V TO.1ppm,
Bifty —# TS & LC25ppm, AR T2pomTH D,
@) BREESLE- 707y OMBEEREL, §ER, FEY -4, WS LOHBRESR OB LR
L, TSV, by — 2B XUORREBOBEIENT 5,
6) BEEARCHEZLONCTY U, BEEET IO TBONREHERD 25HIE .
(6) BHARERIC T TRAEEEN Y, FHEY — &, BERSRE JOBIMEAOBE B IEE L LT
THBHY, FEEH Y, WLy — X8 IURRBOBEILZII T,

10, AWgeCRDIME A HERE Y LR LR, ANEOBRRHERCRETHERES LUR
BEOEECETHERRER, THFKOEWIIERE L L THLURLOTHD I LEFlDT,

11. THEpEKOBMNECT 230, —RCELIECh R 2WARADRBIC X » TRE T2 080D
B EREDIC,
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Studies on the Toxic Effects of Industrial Wastes
on Fishes and Shell-fishes
By
Keiichiro SYAZUKI

Summary

1. Many devices and experiments were made to obtain the appropriate apparatus

for testing the toxic effects of industrial wastes on fishes and shell-fishes under a

running water condition. The apparatus originated are shown in Figs. 1—4, the
gradient tank in Fig. 1 being most unique. The apparatus shown in Fig. 1 was
tested for its efficacy in keeping constant level of the concentration by determining
the variation in concentration of methylene blue during a fairly long duration.
When sample solution was diluted 20—460 times, the maximum deviation in the
concentrations of five outflows from the gradient tank was found to be within
12 %. The deviations were decreased with the decrease in dilution of the sample
water (Table 1). The pollutant concentration of sample water in test tank can be
maintained constant for a considerable time, since the test solution is renewed
every ten minutes.

The use of the gradient tank permitted to prepare a series of sample water which
has a suitable gradient in concentration. The approximate concentration of pollutant

in each sample water (Cx) can be calculated by the following formula.

Cue ij{ V—-n—DB+(n-2)A}
o V—(—1DB+(m—-1)A4 >

where, V' is the rate of flow into the gradient tank from the mixing tank
(m//min.), A, the rate of dillution water inflowing into the gradient tank
(m//min.), B, the rate of a sample water outflowing from the gradient tank
(ml/min.), and #n, the number of the test tank (#>>2). The concentration of
pollutant in flow water into the gradient tank through the mixing tank is
represented by Ci. The gradient in pollutant concentration of sample water
(C1/Cs) can be adjusted easily by means of controlling V, 4, and B. From the
results given in Tables 1—3, it is clear that the apparatus is suitable for the bicassay
under a running water condition.

2. The concentrations of a few industrial wastes and various pollutants of the
wastes lethal to fishes and shell-fishes, expressed as 24-hr. TLm were determined
under a running water condition by using the apparatus shown in Fig. 1, and
also under a still water condition at the same time.

The lethal concentration estimated under a running water condition were lower

than those obtained under a still water condition, except a fermentation waste.
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Especially in such pollutants showing gradual decrease on standing as ferrous
sulphate, copper sulphate, sodium sulphide, and suspended mineral oils, the marked
differences in the lethal concentration were found between the running and the
still condition. The smaller the pH of water for dilution, the smaller the lethal
concentrations of pollutants. Little difference was found generally among the lethal
concentrations of pollutants tested for three marine fishes ( Chaenogobius
heptacanthus, Therapon jarbua and Mugil cephalus) and a marine shrimp
(Leander serrifer).

3. The avoidance concentrations of pollutants for marine fishes were estimated
by using the apparatus shown in Fig. 2.

The reaction of goby, crescent perch, and gray mullet to pollutants tested were
nearly alike.  As shown in Table 18 the avoidance concentrations of pollutants
for these fishes were lower than their lethal concentrations, except phenol and
potassium cyanide. In most pollutant the ratios of the former to the latter were
below %4. On the contrary the avoidance concentrations of phenol and potassium
cyanide were higher than their lethal concentrations. It is to be noted that the
marine fishes react to pollutants less sensitive than do the fresh-water fishes.

4. The influences on the oxygen consumption of goby of its size, water temperature,
dissolved oxygen content, and the rate of flow were studied under a running
water condition by using the test tank shown in Fig. 3.

In a range of 10-26°C the relationship between oxygen consumption and water
temperature was linear, the value of Q10 being about 2.2.  Above 27°C the oxygen
consumption was increased remarkably and became unstable. The following
relationship was found between the rate of oxygen uptake and the dissolved oxygen
content of water flowing into the test tank. Above a certain oxygen content
(about 6 ppm) the rate of oxygen uptake was nearly constant. In a range from
5.5 to 2.5 ppm the rate was increased and became unstable. Below about 2 ppm
the rate falled rapidly. Judging from the result, it is clear that the lethal
concentration and the avoidance concentration of dissoclved oxygen for goby are
about 2 ppm and about 5. 5 ppm, respectively. In the range of the rate of flow
1-—20 {/hr. the oxygen consumption was nearly constant. The oxygen consumption
of fish ranging 0.4—4.5g in body weight was nearly constant, too.

The maximum total body weight of the fish (W g) which can be submitted to
the test without reducing the normal oxygen consumption (¢ mg/g/hr.) is readily
calculated by the following formula. W=V (b—6)/a,
where, V' is the rate of flow ({/hr.)and &, the dissolved oxygen content of water
flowing into the test tank ( ppm ).

5. The toxic effect of pollutants on fishes was studied by observing the change

in the rate of oxygen uptake of goby exposed to a polluted sea water.
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Above a certain concentration of pollutants the rate of oxygen uptake of goby
after 24-hr. exposure was found lower than the normal rate. The variations in
the rate with time are observed to closely relate to the movement and weakness
of the test fish. The effective concentrations of pollutants governing the rate
of oxygen uptake are shown in Table 19. The above effective concentrations were
0.1 to 0.3 times as large as their lethal concentrations. =~ When the unpolluted
water supplied after 24-hr. exposure to sulphuric acid, ferrous sulphate, sodium
sulphide, fermentation waste, or suspended lamp oil, the rate of oxygen uptake
was increased rapidly, and recovered to the normal rate after 2 hours when the
concentration of pollutants did not exceed a certain level. On the contrary, little
increase of rate was found in the cases of the other pollutants tested.

6. The toxic effect of pollutants on fishes was studied by observing the change
in the appetite of goby exposed to a polluted sea water for 4 days. The appetite
of the test fish was decreased gradually with time when exposed to a higher
concentration than a certain level of pollutants. The higher the concentration
of pollutant, the shorter the duration showing the good appetite. Asshown in
Table 20, the effective concentrations in reducing the appetite after a 4-day
exposure were remarkably lower than the lethal concentrations, and the effective
concentrations were in a range from half to one third as muchas those after
1-day exposure as shown in Table 21. In cases of ferrous sulphate, copper
sulphate, and sodium sulphide the effective concentrations obtained under a still
water condition were in range of 5—6 times as much as those under a running
water condition.

7. The influences on the rate of oxygen uptake of “Asari”, Venzrupis philippiarnm

of its size, water temperature, time exposed to the air, and dilution with fresh
water were studied by the same method as employed in the case of a goby.
In a range of 12—26°C the rate of oxygen uptake was linearly increased with
increase in water temperature, the value of Qi being about 2.6. At 30°C the
rate was rather decreased. When the test shell-fish was exposed to the air longer
than 2 hours, the rate of oxygen uptake was increased with the increase in time
of exposure. But the rate was decreased gradually with time and rec overed to
the normal rate after 24 hours. When more than 20 % of sea water was replaced
with fresh water, “Asari” closed the shell and the total amount of the oxygen
consumption was decreased considerably. When the diluted sea water was
replaced after 24 hours with anormal sea water, “Asari” soon opened widely the
shell, and the rate of oxygen uptake was increased rapidly, and reached a level
about two tirmes as much as the normal rate. The rate of oxygen uptake was
independent of the body weight within a range from 4—18g.

8. The toxic effects of pollutants on shell-fishes were studied by observing the
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rate of oxygen uptake and the shell movement of “Asari”.

When the pollutants were added to the sea water, the test shell-fish soon closed
the shell in a certain concentration range or the rate of oxygen uptake became
abnormal. The effective concentrations in closing the shell after a 1-hr. exposure
and in making the rate of oxygen uptake abnormal after a 24-hr. or a 48-hr. exposure
were as presented in Table 31. In cases of sulphuric acid, sodium hydroxide,
copper sulphate, and zinc sulphate the rates of oxygen uptake of the test shell-fish
were decreased. On the contrary, in cases of potassium cyanide, sodium sulphide,
and phenol the rate were increased. Hence, the minimum concentrations of these
pollutants except sulphuric acid which are effective in closing the shell, are useful
in estimating the toxic effect on the shell-fish.

9. It was found that the minimum concentration effective in fluctuating the rate
of oxygen uptake of fishes and shell-fishes and also in reducing the appetite of
fishes were useful criteria to judge the toxic effects of industrial wastes on these
organisms.

10. It can be concluded that any critical concentration of industrial wastes or
pollutants toxic to aquatic organisms is to be determined by afairly long exposure

to a sample solution with constant supply.
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