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Comparison of sensitivity of various bioassays
using aquatic organisms to sewage samples

WEIEREY, JREAT*, BElLEREE >, HIrpaRage*
Masaaki MATSUBARA, Arata HARADA, Mizulnko MINAMIYAMA, Hiroaki TANAKA

ABSTRACT ; The sensitivities of the bioassays using various aquatic organisms to sewage samples were
compared. The sewage samples used here were the mnfluent and the secondary effluent obtained from
the sewage treatment plant that receives industrial effluent. The aquatic organisms used in this study
were Vibrio fischeri MICROTOX®), Selenastrum capricornutum, Daphnia magna, Daphnia pulex,
Daphnia carinata, Ceriodaphnia dubia, Moina macrocopa, Thamnocephalus platyurus (TOXKIT®),
Paratya compressa improvisa, Tanichthys albonubes, Xenopus laevis, and Brachydanio rerio. The 50 %
effective concentration (EC50) values of influent were ranged from 5.6 % (48h-EC50 of C. dubia) to
38.0 % (48h-L.C50 of 7. albonubes), and the EC50 values of secondary effluent were ranged from 8.0 %
(48h-EC50 of C. dubia) to 92.3% (5min-EC50 of MICROTOX®). Among the acute toxicity tests, the tests
using C. dubia, T platyurus, and frog embryo were relatively sensitive to the sewage samples. The
toxicity values for the sewage samples obtained from reproduction tests using D). magna, M. macrocopa,
and C. dubia were in the same level. Moreover, we examined the data variation of . magna acute
toxicity test. The coefficient of variation (C.V. value) of the data obtained from 4 different organizations
(companies) were about 30 %.

KEYWORDS ; Bioassay, Toxicity, Aquatic organism, Sensitivity, Sewage, Effluent
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IWTERN, HEFERTHETS R WREOHENH D, Tz, REIADEEICHTZ Y ZJIZH S
DTHH . BROREEEIEREREZOFEEP SIFEDHON TRV, FTT, EENTEYIcT
HEEZOLORTETAFETH L A AT v (EPHGE) D LEEOWELSE NP0
KOBHABEIIITHET 2F%E LTEEEINDDH D S A7 v T ME, W, e s
TR B2 KD B, TROHDNL AT w4 2 TAERSER T 5 -02id. Zh
ZhORSZUERZZ EHERTH D, BRIVHBOWREHE LT, 9 O IY  I0RHANI T 25
SR Ui O RPRIB L UZ0SPOBERREY DN T T v A TR O, EEK
BRELOINAZT v A TRl L=3E e hH s, L LISA AT v A ORESHE TR EZANT
HBUEMIIFEA LR, 22 TAHRPIE TR, MR, 5% 7 BROTFRE. 2 BHOBKA. BL
CHZNVERW A AT vE4 2 TARRHIER U, BEHOHEE T/, S5 B—0RBRERKRL
TRERBAEE CRIRAHTAT 5 S ST & D ABREEEIC L 27— S DIE S D EITOWT BRI EIT o 16

2. MRB X UAE
2.1 Pk

Hele LT, ZICTIBHKORAT 2 FAMURIBIZ BT, WAKE MEDK (EEHBRIORILHRLIK)
2Ry MUK UTze KL ZERE. lum DOH T A (Whatman GF/B) TA8 U7z, &
BT ORERICIRAK OIS AT (VO C) MHERT 2 2ICh b, RIS D e H o 72,
FD8, BAKIZOWTE, HSRR=T7 4 )y —2i8 LRI R 2% 2 HET 2 BREORIAL
BETO, VOC Offk%® GCMS TRERLE® (BIZIE, 2008V A 5.7uglh > 0.0ugh). ke L
THW=o FAKSE S UKD pH i 22 pHS.3, pH1.3 T o=, /- COD iZZh2h 112mg/l.
32mg/l THD, SEHER (TOC) EEIZFNZN 104.6mg/l, 30.7Tmgl TH >z,

22 N4 AT v A OFEEB & UEABRLRE

FIFFRTIT o234 AT v A ORBEB LY U750 —~% % Table 1 IZ7R7 . AERHEID
PWRI id tAHZe %2 £ T RB. Daphnia magna U Moina macrocopa ODEFHARIZ DOWTIL, AL
kD& E W, FOMOFKERIZ DWTIE. FAKDE LUK E A=,

Table 1. Description of bicassays

Test Organism Bioassay Conducted by
Daphnia magna Acute Immobilization Test ABCD
TOXKIT® PWRI
.................................................. ReproductionTest A C
Daphnia pulex o Acute Immohilization Test B
......................................................... TOXKIT® . PWRL
......... Daphnia carinata. """ Acute Immobilizavion Test T BT
Ceriodaphnia dubia Acute Immobilization Test D ’
..................................................... ReproductionTest . __...D_
Moina macrocopa Acute Immobihzation Test E
..................................................... Reproduction Test . E_ |
....Thamnocephalus platyurus | . . . . ... TOXKIT® .. PWRI .
............ Vibrio fischeri __ _ MICROTOX® Acute Toxicity Test  _  PWRI
... Selenastrum capricornutum _______ __ Growth Inhibiion Test . PWRI .
........... Xenopus Jaevis " Embryo Teratogenesis Assay PWRL
........ Tanichthys albonubes """ " " Acute Toxicity Test T
.. Paratya compressa improvisa __ .. . AcuteToxiatyTest . F
Brachydanio rerio Early-Life Stage Toxicity Test D

*PWRI, Public Works Research Institute
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2.3 HBH%
(1) 3PragEeRn=-38

HEEmE LT, A2 IV 3 (Daphnia magna), V>3 (Daphnia pulex). Daphnia carinata,
=¥ 2x3¥ 3P0 (Ceriodaphnia dubia), %<3 >3 (Moina macrocopa) %A=, #EkiT OECD
BERT X MAA FZ4 2 9NBQNMTofz0 7272 Ue O dubia %W =B8RI K EBREHREF (USEPA)
DHEN o0 D. pulex B D, carinata = oW TL, AEBUEBROATV. 2041120 T,
R HEARRE L MBI (BERR) 217572, ZNZENORRD S 3B0ErkHEERE (EC50)
Fhid, sNEEEE (LOEC). #EEEEE (NOEC) ZK&i=, NOEC 3% EEE (Dunnett) %A
WEAREMEIC L D EE L.
(2) MICROTOX®&4 iR

KE AZUR ENVIRONMENTAL #8IORERS X7 L2V, B0 70 b =)V > CHRERETT-
7o A & UTHERERRYCIE Vibro fischeri % fiV V-, BEREIX. 5 ABLT 15 H& L. FhEN
IZDWT, BO%FENIHEBEEE (ECE0) %RKdTzo
(3) BEMAERRES S

e UCREL L R M5 L (Selenastrum capricornutum) Wz, T Tl 96 oA 2
o7 L —h2HWSAFYVEER (Environment Canada) D5 82— 8B LA 9T o7 BB
FRUIER (0.45um filter THREAAE) 1255 (B N P EEIGEREO 445) 2HEMUL. HNECEEE
OfFEE 2X10%cells/ml & 725 K5 IZHERE L7z 24°C. 4,000Lux, 120rpm T 72 BERIEE LEE. <o
07V — Y —F—%HNT 440nm (ZB 2R0EHE (HaseIcp) ZRELR. 1 (PHERY) =
100X (Re—R)/Re (R : BRXIZHBIT 2 72 RO/ EE (440nm) b, Re : MRXICHIT S 72 Ko
WXEE (440nm) ML) & UTHHER I 2EH Lzth. McERRER (). MEicERI 270y
k. 77 7DITTERERDEHOT—F EHNT, BURETEICL D 50%EEEEEE (IC50). 26%
RGHRHEEE (1C25) %k&diz.
(4) HTNVIREETEIEARR

HREYE LTCT 7 ) BAYAHTN (Xenopus laevis) ZHWE, HBRIE ASTM (American Society for
Testing and Materials) IZECE T\ B RRIC KT 2 AR (FETAX : the Frog Embryo
Teratogenesis Assay-Xenopus) \ZHt->TiTo 7=, EPERT L 7= S0l BRI 2 o 7= % 25 [T O A
N, 24°CT 96 FFRGRE L= 2 TRWERRClIaTRRER cERrd o220, FER T KRSV b
& Ulko W AECHREE 2, fcFECRE 7D D LTV S 7 RERL. 7S 70HTERERS
BAOF—F EANT, BUREEICL b 3 BEoEE (LC50). 26%BOLHEE (LC25) ki,
(5) TOXKIT®

TOXKIT®IiZ~)VF—D Creasel k&L b AF L. HEFO7D - VI > THBRE T o0 A LEF
w M D. pulex % V7= DAPHTOXKIT F PULEX®, D. magna % F\\/= DAPHTOXKIT F MAGNA®,
TR YO~ (Thamnocephalus platyurus) %P /= THAMNOTOXKIT FeO 3fEHETH L, B
BERIR U =5l S £ % 24 BB LU 48 R (T platyurusid 24 FO &) BE LJ=18, EkilE%
B U, BlITNBCERERER 2, #HClHERE DY P LTS 72 L. 7V 7 DITTER L 2
BEAOT—F ERNT, BRHEICL b RBORZERE (EC50) 2Kz,
(6) 7AHkL, RATERAWEHR

BT, Bl E AW SRR T 2 KEEREENRE (AOD ; Aquatic Organisms environment
Diagnostics) DIZHEVMT D f=0 7277 L. SEIOEHEIITHR Mo 1= 3l E U, 7he V (Tanichthys
albonubes), X NLY (Paratya compressa improvisa) %Iz, BRFEHIR U/=ERNC &M% 48 IR
RBELU%, TEHE L. Doudoroff DIEREAIZ X b 3EBEEEE (LC50) %KD=,
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(7) €757 4 viakB0-RR

Rl Eme L CE 75714 v a (Brachydanio rerio) 2Bz, REBIIHANIC OECD (b5 X
ML B oA 2 ORSPHIEERREBMAER DI T oz, BB STV BRI 7 HRSY
Uleo BBREERD S FEBOTEE (LC50) BIU25%BUEEE (1LC25) 2K/,

3. fER

FREROFIE LT, Fig. 1ICHBEINRERRERR T 5 /2 85 — RS L BREHE O H 0 EX %,
Fig. 212 T platyurus % f\ /= THAMNOTOXKIT F@® T3 5 1= — B & R EO =00 5HE
AER Uz EB5DOHBRITBNTHRHBHEE DB RDITHESTHENKRE L BoTHEY. 50%ZEDHI
% 3~4 DOF—F 5 RRAEE N, HERE R IO THS 0.99 LETH D, FERICEO TR T
Lizo THHEDOREMNT, EC50 (LC50) 2EHI L=, Table 2IZ&EDNA 7 vt ORBRERE
R Uiz MEBHERROFER. FAKD EC50 (LC50) id. My /N VMED 56% (C dubia @ 48h—EC50)
THH., mHARENED38.0% (FHeL D 48h—LCH0) THolzo Fi-. AFYkD EC50 (LCH0) i,

BH/NEVNEN 8.0% (€ dubia © 48h—ECH0) THh, RHREFVED 92.3% (MICROTOX®D 5min
—EC50) THho7zo
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Table 2. Results of bioassays

Test Organism Bloassay Conducted by Sample Toxicity Value (%)
Daphnia magna Acute Immobihzation Test A Influent 24h-EC50 | 355
48h-EC50 33.1
2nd. Effluent | 24h-EC50 330
48h-EC50 31.6
B Influent 24h-EC50 211
48h-EC50 140
2nd Effluent 24h-EC50 38.2
48h-EC50 351
[¢] Influent 24h-ECB0 27.2
48h-EC50 272
2nd Effluent | 24h-EC50 238
48h-EC50 199
D Influent 24h-EC50 229
48h-EC50 22.4
2nd Effluent | 24h-EC50 194
48h-EC50 194
Acute Immobilization Test PWRI Influent 24h-EC50 28 1
(TOXKIT®) 48h-EC50 250
2nd. Effluent | 24h-EC50 346
48h-EC50 333
Reproduction Test [¢ 2nd Effluent | NOEC 32
LOEC 80
A 2nd. Effluent NOEC <50
Daphnia pulex Acute Immobilization Test B Influent 24h-EC50 301
48h-EC50 192
2nd. Effluent |_24h-EC50 301
48h-EC50 227
Acute Immobilization Test PWRI Influent 24h-EC50 16 5
(TOXKIT®) 48h-EC50 96
2nd Effluent 24h-EC50 15.1
48h-EC50 8.6
Daphma carinata Acute Immobilization Test B Influent 24h-EC50 315
48h-EC50 275
2nd Effluent | 24h-EC50 312
48h-EC50 22.2
Ceriodaphnia dubia Acute Inmobilization Test D Influent | 24h-EC50 7.0
48h-EC50 5.6
2nd Effluent | 24h-EC50 9.3
48h-EC50 80
Reproduction Test D Influent 14-EC50 10
7d-EC25 07
2nd Effluent 7d-EC50 103
7d-EC25 56
Moina macrocopa Acute Immobilization Test E Influent 24h-EC50 310
48h-EC50 310
2nd. Effluent | 24h-EC50 360
48h-EC50 317
Reproduction Test ] 2nd, Effluent NOEC 63
LOEC 12.6
Thamnocephalus platyurus Acute Immobihization Test PWRI Influent 24h-1.C50 95
(TOXKIT®) 2nd. Effluent | 24h-LC50 110
Vibrio fischer: MICROTOX® PWRI Influent 5min-EC50 237
Acute Toxicity Test 15min-EC50 | 29.8
2nd Effluent | Bmin-EC50 92.3
15min-EC50 91.6
Selenastrum capricornutum Growth Inhibition Test PWRI Influent 72h-1C50 205
72h-1C25 10.1
2nd Effluent | 72h-IC50 203
72h-1C25 101
Xenopus laevis Embryo Teratogenesis Assay PWRI Influent 96h-LC50 73
(FETAX) 96h-LC25 4.1
2nd. Effluent | 96h-LC50 150
96h-L.C25 13.0
Tanichthys albonubes Acute Toxicity Test ¥ Influent 48h-LC50 38.0
2nd Effluent | 48h-LC50 44.0
Paratya compressa improvisa Acute Toxicity Test F Influent 48h-LC50 34.0
2nd Effluent | 48h-LC50 67.0
Brachydanio rerio Early-lafe Stage Toxicity Test D Influent 7d-LC50Q 42.0
7d-LC25 380
2nd. Effluent 7d-LC50 440
74-LC25 39.4

*PWRI; Public Works Research Institute
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o (Fig. 3)o WMAKZRWHABROZEHRE (CVE) &, 24 BERZOT—4 T 21.7%, 48RS
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DF—FEZNEFNEWE, B5NETU OERY S 746 L. Fig. 41ZR Uize ZNENORBRICBNTH
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