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Abstract  Oligochaetes distribute widely in freshwater ecosystem, and some species are used as bioindicators
for water quality assessment because they are tolerant to organic enrichment. They are acknowledged for
potential for environmental health recovery of organic polluted environment. There are a lot of studies on
ecology and toxicity assessment using oligochaetes in aquatic environment. In this study, we reviewed literature
on ecotoxicology of aquatic oligochaetes. We searched literature from a database ‘google scholar’ by using
keywords such as aquatic, oligochaete, and toxicity. The literature were summarized according to publication
years, species, test methods, and chemicals. We obtained 133 articles published from 1953 to 2015 from the
database. Among them, 58 papers (43.6% of total) have been published in 1990s. Three species (Lumnbriculus
variegatus, Tubifex tubifex, and Limnodrilus hoffmeisteri) have been used most frequently in the study.
Different species displayed different toxicological responses to different toxic chemicals. The results on the
ecotoxicological study with aquatic oligochaetes revealed the possibility of the development for early warning
system using aquatic oligochaetes to monitor aquatic ecosystem disturbance.
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Ase Yole Fxo] FaT AVL AN AEL
© = (Cummins, 1973; Rosenberg and Resh, 1984; Allan
and Castillo, 2007), 54 AEo|H Fof wet 2 ZojA
T ol2e AZAE 7 Q7] "iZo] F3HEelx
A&ZQ 2 g G A Frte] g2 HE&EH ot
(Reynoldson et al., 1997).

o] FolA A AFolRe & = 4 (burrowing
behavior) ¥ A& 0|5 0§43 F714 H7|E AT (ver-
micomposting; A& o]7F Ak {714 H7|E0] FUWE
Tt} Wi EE B¢ S8 BEEHo EG NEA T
I 72 BEZ 2 AFEH+= A, Korea Organic Resource Re-
cycling Association, 1994) 58-Z ©]-&3 §7]/4d H7&E A
g7t H71E9 4% st 9 Ak dAY s
A A, BAAE Ao Ao FHE 7HA AL ATk (Loehr,
1984). Bl=3 {¥ SR = 53] f71E 29°] A%
A Wel A7 S8 w2 LS AR
Az|Polo] Ex U MR XS = (Syrovitka ef al., 2009)
o} Ze AYATE HEeo] AWE BA A= B Der
mott and Munawar, 1992; Phipps et al., 1993; Ingersoll et
al.,2003), 29 E4] & PS5 W3 (Macedo-Sousa et
al., 2008), €Y A| A|A-5 (Elissen et al., 2010) 5 thoFst
4 24 i A7 B HL Qo

A AFGole S uetel @A 72 36% (Park er al.,

2013)0] Hirx o] Qlrh. o= Y 545 ZFt
Clerg Hopol A £4 AFold FEHT Aot Fy)
oA @E 27384 7 (Brinkhurst ef al., 1994; Yoon
et al.,2000; Jung et al., 2011; Lee and Jung, 2014)¢} o]
& HiEs EASE AT ARl ol &teA ATt
(Choi, 2005; Jun and Park, 2005) 5 A|gtF o2 ALEHS]
o A A o] F AR FL FUIE HE A W
Qo v od® FAINE & AAE 5 4
o] FA| Y& A AEFLE AEHE 8T AEA
X 0|t} (Chapman et al., 1982a, b; Lin and Yo, 2008). 18
o 423 Bslol £ Brlo] 8 4 Yk Folnz
(Phipps et al., 1993; Chapman, 2001) B-& Ae|e} 54
et A7F Fasttta & o Qlok mEbA 2 AtollA
LA A AH o5 o] &F AH 54 A+ £
ANS T Helato] ool AFo] e & UES
54 sk,

o o ¢

=13 EH
=3 =

LA 3 E A AFo|E o] &3 BE 54 o
AAsta sttt A= A FdHE 9
B+ 7 A (http://scholar.google.co kr, = Y: 2015.

Table 1. Criteria for document classification and number of papers published on toxicological study with aquatic oligochaetes at different

decades.
Period
Variable Description
1970s  1980s 1990s 2000~2015
Exposure media Water Freshwater test without sediment 2 11 36 31
Sediment Freshwater test with sediment (spiked 1 6 21 16
sediment and clean sediment with toxicants
in overlying water)
Effects Lethal LC' 4 17 34 21
Growth, reproduction EC?, IC? of growth or reproduction 1 3 10 6
Motility Description of motility 5 4
Enzymic activity EC, IC of enzymic activity 3
Bioconcentration BCF', BSAF, tissue concentration 4 14 10
Other nonlethal effects Sludge index, feeding rate, emission rate, 1 2 17 10
biomass, etc.
Treatment materials Pesticides Chemicals used for agricultural or 4 12 29 21
commercial purpose (include antifouling
agent)
Heavy metals Relatively dense metal (Specific gravity four 1 9 19 14
or more)
Other substances Experimental substance except Heavy metals 1 7 17 14

and Pesticides (PAHSG, ammonia, etc.)

'LC = lethal concentration, ’EC =effect concentration, 3IC =inhibition concentration, “BCF = bioconcentration factor, SBSAF = biota-sediment accumulation

factors, ‘PAHs = Polycyclic aromatic hydrocarbons
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03.30)°| A “aquatic, oligochaete, toxicity”E& AM|Z 4
AEE BE SeEre Salstgc ofF, AuE A% 5
T AFo|E o83 4 A7} HHdE 23S A
SRt 121 S B3-S £ A = (Publication year), =

Z%H7 (Exposure media), le &0 WE &3} (Effect), A=
Z (Treatment materials) 59 gEo=2 QoF W A5}
t}(Table 1). BEZ (Species) 2 AT Bz o]z} 9l
=4 gAstr] Yl A7t Wol HE F8 3F (Tubifex
tubifex, Lumnbriculus variegatus, Limnodrilus hoffmeisteri)
o sl 2w AT & W& 7| E3H% T} (Table 2). =
S-S TN Ay AAY W Aol M (Sedi-
ment)©] U= 7L MY Jlo] FeET JYPHE B
(Water) 2 251 th A4 Ho| et E45 AY F¢
Stz A9t o] shel FUT A BF ZFSTH =&
o] W& A 7E= XA} (Lethal), AT} A 4] (Growth, repro-
duction), 254 (Motility), &424] (Enzymic activity), A3
& = (Bioconcentration)= W= 7|A|5tL, 1 2]9] H]
Z) A& 3} (Other nonlethal effects)= StU= &3} Tt
2 AH= X AFEsE (Lethal concentration)S 7] &3F 73 -$qt
< ZFSHGTH A, AT a4 a3 5= (Effect

concentration)®} A3} ‘5% (Inhibition concentration)®] 7

[o

5 2F TS 5489 A BAEEEA g2 &
T4 ¥l digt Ve TFSHL BE 752 55U
Z} (Concentration factor) F= HE Y AFFS 243l=

A5 x3stgt. 1 9 £ X] &3 (Sludge index), 414
(Feeding rate), H]d (Emission rate) 5o gt A2
B %71 Hol e MANENRE EFARAT V8
FAH O R o] & E= EAHEA, AaIE-F7| A
E33l= 59 (Pesticides), 524 (Heavy metals), 7Bt &
Z (Other substances)Z WU (Table 1). 5+ 3}eHE
A9 AFol wet AlEsetl FE52 a5 dadz, 7|
Et £4 FoAE AME RlET7E 22 242 R 7| 5359
ok e £3oA F ol F Ee EES 0|85ty
AT A FEMA 7155k

2
-+
>

i)
o rlo i

A A POl g o] 8T 54 AF A= Stammer (1953)
7F F3tga9t RS o] 85t g Aol A%
Rom, 20159 ARHNE P A PR AE 3t
A eE232, 54 5898 3T £ e 2AE F5
= % 13339 o] A= gt (Table 1). 54 A+

ofj 'H-

=2 b

Table 2. Number of papers studied on toxicity test using three species L. variegates, T. tubifex, and L. hoffmeisteri.

Limnodrilus hoffmeisteri

80s

Tubifex tubifex

Lumnbriculus variegatus

Variable

Total

00~15

90s

Total 70s 80s 90s 00~15 Total 70s

90s  00~15

26

80s

70s

17

11

14 48

11

20

10

62

30

NO. articles

11

26
13

12
6

19 38
12 25

14

16
12

Water
Sediment
Lethal

Exposure media

13

11

36

10

15

29

12

Growth, reproduction

Motility

Enzymic activity

Effects

20
11
33
11

22

10

Bioconcentration
Other nonlethal

10

21

11

17

12

Pesticides

27

10

Heavy metals

Treatment materials

10

10

Other substances
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Fig. 1. Number of articles published on different pesticides types at different periods. *

pesticides.

1

fu

% 113 (Tubifex tubifex, Lumnbriculus variegatus, Lim-
nodrilus hoffmeisteri, Branchiura sowerbyi, Quistadrilus
multisetosus, Rhyacodrilus montana, Spirosperma ferox,
Spirosperma nikolskyi, Stylodrilus heringianus, Varichaeta
pacifica, Tubifex sp.)8] A X & o7} A= 2, 1990
ddjof 587 43.6%)22 7MY W A77F SREHAT
TG AREU GE 4 A Polo) Mg ATE F2 X
A o158 BESHe A7/ 76402 7MY wekom AR

T5287), A% 9 A4 (207), 548 (97), E2EAH (3
)8 £o2 YeETE I 99 sludge volume index2}t 2+

L v 2)A} G 7]Z35F AL (Elissen ef al., 20060)%
Atk AL F9E 20009 o] FRE AF7L £PH
At AP =AY TFREE 7IUA, f718aA, 7H=4H
A SOl &3t 9ol 66 or 7} UL, FE5
434, 71e (o], Tt E RS2 (Polycyclic Aromatic

Hydrocarbons, PAHs), &= Yo} (Ammonia), &2 ‘ﬁil-ﬂ]'ol
#d (Polychlorinated Biphenyls, PCBs), A g & Z WAl &
A} (Linear alkylbenzen sulfonate, LAS) )7} 39719] ‘21‘3]'

(Table 1).

o) A% & 13577 Aol AgHUoH, $7149
SAZH 18702 7P BIERL, 71904 (17), 7H= AL
A7), /7154 l 57) 9 «o2 Wdth(Fig. 1). &

71 GaA ko] A 1980 R E 1990 th7tA 9] A
1 3ol =) Bk, 199040E) B4 EPAC] oF T
(The Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA)) (US EPA, 2016)7} 2000 o]& 9] A3t ZH4A=E
olo]FHE Aoltt 1990 thell F71FAA Tk A7 Hl
=7 28 AL §7)FAA ¥ 2l E (antifouling paint)

T AT

‘etc.” includes triazine, aniline, Triazole, and other

o] ZAjo] 0] ko] A A7 WY 7;1011:} 2000
ooz FF E5F 5 7IEtel &3t H|&o] G5 A=
Ueht=d], ol 7]1&9 }ol A E29 Asol &3
A Y= 0}‘43‘74]( &), EgJotE, EjolxlA (otEzt
R E]"’h; e °] A7 o] o] =7 wizolth
559 % }‘: Al, A, ok A 5 167HA7F A
|Eon, :’-‘6‘ FI=EEA7) 29402 7P Wk, FE
A (2073), ot (147), & (10) 52 ol At (Fig. 2). ++2]
= 20004 Ol—r—l =&l 7P gstew, s AT
2 19900Wt)o] AT AWt wolkth 224
1@{\;_} =2 FAAE 7tER, 2. 9, ofd,
7t =2 E4E F M o)L A A
T 715 =

FoF o|9lo 17FFY 7E BT =4

of ALEEH AT 5 PAHs7} 147102 7P weka
Yo} 67, PCBs 5719 <=2 & UEtystth(Fig. 3). 7]
Z PAHs¢} PCBst= 90W TR g A7t A= Ao
Zolgltt. o] = PAHY| eh, A E 84 Asta wAgt
I} (Bostrom et al., 2002) PCB2] &4 (Aoki, 2001)°] 90

o FRHRE FETE HE Wt Ao2 AZtE

A0
hl

d
fl

=
=

=4

=

= -]
.32 84

E'i

=

3t

olo

=2
1) Lumbriculus variegates
L. variegatesE ©]4319 & 6279 54 A17} 345
QtH(Table 2). AP5R 5 4 Yo B4 E3L JH =
dsHe AR (38A)0 shatell FUe A @25 R ek Yokt
3 3¢ & AY T vE AFEE A 2970
Vg wokor], 4 55 202, 4% 4 A4 74, 548
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Fig. 2. Number of articles published on different heavy metals at different periods. (Cd: CdClz-2.5H>0, CdClz, CdSO4CdCl>-2.5H,0,
CdCl,, and CdSOs, Cu: CuSO4-5H,0, CuCl,-2H20, CuSOys, and Cu(l), Zn: ZnSO4- 7H,0 and ZnCl,, Cr: K2Cr,07, (NH4)>CrOy4, and
CrOs, Sn: SnCl,.H>O and Na»SnOs).
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Fig. 3. Number of articles published on other substances at different periods “etc.” includes includes chitosan, Trolox, sludge, and others.

A 2 540l 27 24, 71 1Atk B E- F L7 (pH 8.0~8.5)F pH7L &olyel whet A AHs=7} St
F 2L Z 22t (Chlordane), YTl g (Dichloro-diphenyl- &3, Y&AL 100 mg L™ (pH 6.0~6.5)°14 26 mg L™ (pH
trichloroethane, DDT), HIEFZ 228 (NaPCP) 53 & 8.0~8.5)E pH7} ot wat o W2 soA XALE
L xoFo] 3340 A wotow, 2 4o] 114, 1 9] = B At Ewell et al. (1986)S 2] (0.32mgL™"), YA
gmyol, g3tE, AF 4 #HA EEAHLAS) 5 78 B2mgLl™), WEEE2dEG2mel™) @ HoFS TS
=40] 227013t L. variegatesE ©18% 54 d7= = 277HA 2| HiF 96h LC50E st IF oF
1990t 58| gdrs] Y= . 3, EYok IR ER, IYE F9 F¢ AF F
Schubauer-Berigan ef al. (1993)2 ¢t&E Yo}, L&, 71= o =91 100mg L' ollA A|7F Yjoll L5090 =E3kA] ¢
&, YA, &, ordol tigt A As=(96h LC50)E o3 pH Ut
27 stoll A AT O 23 2= W2 pHOlA & %9, Bailey and Liu (1980)= 48417k, 96417t =74 A9
Aol 73, YA &2 pHoA EAo] Asltte AS 22 FR2E(14~18mgl™), JEE2H %A oM E
Btk &, 1= 0.13mgL™ (pH 6.0~6.5)°14 0.5mg  AF(1222mgL™"), A% (82~13.0mgL™"), TaHe]-&(20.5~
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309mgL™), EFUo|EZERQ(8.8~49mgL™) 5 97}
A ool dax= FEe ArsE TS SR,
EFZEH(>03mgL™), HIEAZEZ(>02mgL™), d
T E (>0.13mgL™)e] 9ol A Hof H= ool A
Aeet g2 dA] £ttt I o]F Ankley and Collyard
(1995) 5714 5ol digt 96h A A3}, tholopz]i=
(6.16mgL™H3+ 2228 A 266 mgL™)E &2 LC50
FE RYoy R zAndn FEENEAE AY 5
Z(25mgLolA LC50 e 9A E3Hgich 3 ulH)
2Y REA|=(3.54mg L)} thojolA| =3} T ERER
< FAY Bt {714 ASAY 5A4E gHE
FHEALO|E7F G31A 0 2 M|k AL AAsH Tt

=4 B dig AE g2 EZ A =& A

e >

N

A 2 5o wat &S 1o o (Hellawell, 1986),
St 9| =& A7to] F7H3tel wheh LCS0 gk Aaxgt
t}. A& So], 2220 (71944 B LC507} 48h
1.8mgL™,96h 1.4mgL™", Malathion& 48h 30.9 mgL ™"
X 96h 20.5mg L' & 7+43}91th(Bailey and Liu, 1980).
a8 7tEF 96h =ZEo)A HE7F 078 mgL'o|gl oy
(Schubauer-Berigan et al., 1993), T TF2 @9 A& LC50
7} 240h =20 A 12.1 mg L™ (Phipps ef al., 1995)2 2 2}
o7} ATt ol AEol 4 8o =&He 24
et I gEo] Wi FstA veEtdthe RS BoFe
Ao=2 HA doA] AE x70] static (Schubauer-Berigan
et al., 1993)7} flow-through tests (Phipps et al., 1995)2 =%
AHE ) flow-through tests®] LC507} ©f &=ttt

D= Y E AHEst= BS L. variegatus= X AME
& oAl 27]o] Hol= FFo] YutHoE B, T
710l F21GRAL FZ ATl gt wk-gAd o] A5ttt
3 RAEJTH(O’Gara et al., 2004). E3F B9 FHEZEHE
Aol AYPHD 04 M o042 FEoA= 347t o9
FAI7F BotA AL 7heolAle Aol WEEHUT (O’ Gara er
al.,2004). 5°F & HEFS 2 29=50] sHio AFH+= 74
% L.variegatusi= =& 314 39 P& Holn,
LC50 o] 4] F-o] & (swelling), HHZ 8], B4 12|31
Bodo] EE Aot (Nikkild et al., 2003). XYooz} 1Ak
o A= o] spiked-sediment tests7} F3FPE = F¢ iF
9 L. variegatus 7N Al= sHFollA U} sHF EH &
o] X = A 31 35S X HthH(Whiteman et al., 1996).

c

o

2) Tubifex tubifex

T. tubifex= & 48HQ] Z&oA AFEE 5657 o
&) A= Tk (Table 2). L. variegatesol| B]3] HAF=T 9]
7t A2d = A AHgH 542 o gttt ol ¥

o

B 55, AR A gt a3, 540 gt Aol o
FEAG. A AH8E EFL F55(56.25%)°] 71
=2 HEE A 5.

Khangarot (1991)= 337k4] $34, Fa4, vla$ol of
8l 24h, 48h, 96h EC50E ZA}5I$th. Fargasova (1994a,
b, 1999)= of2] E& o 3t 24h LCS0E XA 23, =
Ao A7]7}F T2 (1) (LC50 0.005 mg L™ > 72 (I) (0.021
mgL™)>42(0.51 mgL™")>47F0.768 mg L™ > YA
0.669mgL™)>7IEE(B3.09mgL™")>ZE436mgL™")>
Y (2371 mg L) >H]A(398.11 mgL™") &A 2 Vet
E3H Y 715400 digt 96h B4 AFS AYste] ¢
7154 B4 7o) AdAR 549 A71E vla B7HE S
T} (Fargasova, 1997; Fargasova, 1998a, b).

Rathore and Khangarot (2002)+ &= ®3}of wz} o
2 3459 LC50 ZfolE RAFSHTE. 15~30°CollA] 96h
LC502 7tEH 591 mgL'~6147mgL™", 42 0014 mg
L7'~0.048mgL™", 78 7126 mgL™'~12542mgL™'&, %
59 54L& 2% 7t gt F71HsH T E3F Rathore
and Khangarot (2003)= &9 Ax wt S350 54
o] dEHE HYth AEE 49AR FESA AES 2
3}, FF=H (96h 0.13 mg L' ~8.50 mg L"), 42 (96h 0.013
mg L™'~0.066 mg L™"), 2] (96h 0.097 mg L™'~0.615 mg
L) 2% B9 A& Z7to| nat S4o] Zrastgiet.

Chapman er al. (1982b)2 3Hdo] & 397t gle ¢
B} 7l= 8 (3ol 9le 4 96h LC50 0.32mgL™, 3}
Aol Y& A 38mgL T £ (B0l fE A$ 0.14
mg L™, 3Ho] 9l A¢ 125mgL 7)ol BE LC507}
H =t AS B ol o] AFEASE S5
E4o] Zadth= AL A Eot.

85 T M g2 497 39 tEES oY =
Z Azl & F5A4ol tisll Y=t (Chapman et al.,
1982a, b; Chen et al., 1994; Fargasova, 1999; Bouché et al.,
2000; Rathore and Khangarot, 2002; Milani et al., 2003;
Maestre et al., 2009). L A3} 24h 1.265 mg L™'~99.86 mg
L™, 48h 0.064 mg L™'~99.86 mg L™, 72h 0.046 mg L™'~
7778 mgL™",96h 0.03 mgL™'~61 47 mgL™'& Z-2 A|7+9]
At Ao A= Hol7} wf-L- Fot. o]= 7F=H©] CdSO,
£ o83t AUt @ oy, CdCLE o843t HA%E 3
%131 (Khangarot, 1991) T}oF3t 7 &= (Rathore and Khangarot,
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2003)¢} ==-9]| A (Rathore and Khangarot, 2002) A& = %}
7] j&ol Aoz Holth,

54 B Hgt AA} §ESETE ofy 2t ey ol g
2 A= dF JPHUT. LFEY 8, a2,
L 7IEES HIRT 952 T whifex TH|A| 0]
b w2 2700 2 AAE Relslo] 2Asta, ma)
Ex= &3¢ (twisting movement)& Ho|H 54 &
ojA &7 ¥h-g-o] ZrAH T} (Khangarot, 1991; Fargasova,
1999). ], =2, o}, 7FIE TS AFE Fole &5
AL BolA =& 37171 =W ofF =9 FA Yvto] £
st £2E AAZE d2229E dojA A= 7
29 Qe wekig Hw, go Basl 24 B Hol
A ro2 AWEEE 96h = o] Aol UofLbx] ghth
3 R 35t} (Rathore and Khangarot, 2002). X732}
A AN #A (mucus production)®= 221%] 1 th(Rathore
and Khangarot, 2003). Khangarot and Rathore (2004)+= *
Subg ATl MR $19), AEIRN] £, B
B1)o} Zo| ZFAE B3} 21, Bouché et al. (2000)=

_N__g

o
i e

T M R o

7tEES Asde o APl & AR
9] 9] (wound up)Z E I3}

3) Limnodrilus hoffmeisteri

L. hoffmeisteri= A F Zof 8|3 Ay o|| AMEEE 1
Tt Ao R Ittt F 17HY =22 A= 80~90
dd) (64.7%)° &= QTh(Table 2). tRE2] AF(11H)
7t stagol glol BRHE BRSHE R2BHIN Y
o 54 2o Hol: whge AAE 7=d Ao|
ok (133), 19709 2E 1990714 BE 5= A
gt Ao gt axt, F/d0l tie A= AA A
Ao AHEE E8L FoF0] 7MY &2 RlE (47.6%) ATt

Chapman et al. (1982b)2 dlAo] A& w =& (39|

3= A% 96h LC50 0.18 mg L™, 3H4Fo] 9l AL 32mg
LH3 7F=E Mol 9l 4% 0.17mgL™, 3H4do] e
7<% 35mgL™)e BAo] ragE Bt

I 9ol T. tubifex®} L. variegatus®] t)ejAx= SAH 7}
7} HA] k8 oF¢l B2 (Dursban) 4E (Wijngaarden et

Cd Pentachlorophenol (NaPCP) Phenol
T, 80 6147 4 32 1000 780
o
E
% 40 2 500
= 078 003 017 0.1453 038 033 100
S 0 0 0

Hg Co Cr
= 0.18 38.1
[ 02 : 300 24723 40 32
~ 0.14
en
E
% 0.1 150 100 20
- 0014 535 0872
© 00 0 0

Cu Ni Pb
= 100
T, 06 0.5 100 600
- 514.19
& 0.34
50.3 o3 50 % 2546 300 o
j 0.03 1764 8 :
€ 0 0 76 0

LV TT LH

Zn Cl
~ 5648
T, 40 3 6000
o
E 3100
S 20 14.74 3000
)
O
= 372
€ o ' 0
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Fig. 4. Comparison of acute lethal toxicity (range) in two or more species based on the literature. T.T: Tubifex tubifex, L.V: Lumbriculus

variegates, and L.H: Limnodrilus hoffmeisteri.
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al., 1993), A== (Keilty er al., 1988), E&Jo}& (Liu er al.,
1996) 50| L. hoffmeisteriol thal|l H7}= JA 9, B 2H
4E9] AL AY &= W(>0036mgL ) Fol P& =
4 BT BEEA = ot EFolEs =& At o
2} LC50S | w gk A3}, 48hol A 50.8 mgL™', 72h 422 mg
L', 96h 355mgL™'2 =& A|7to] 271848 AR
7} 28Tk (Liu ef al., 1996).

ool Mt Exfjst= SEe| XASE

F8 M| F (L. variegatus, T. tubifex, L. hoffmeisteri)2)
=4 240 U3 UHEE AR 23 & Ee Al 9
2ol 4g® QS Yoith tE g AeFEes
(NaPCP)= Al & EFol 4] 96h LC509] B717F AUt 7}
TR L. variegatus 0.78 mg L™ (Schubauer-Beriga et al.,
1993), T. tubifex 0.03 mg L™'~61 47 mg L™' (Chapman et al.,
1982a, b; Bouché et al., 2000; Rathore and Khangarot, 2002;
Milani et al., 2003; Maestre et al., 2009), L. hoffmeisteri
0.17 mg L™" (Chapman er al., 1982b)& L. hoffmeisteri7} L.
variegatus B RIZFE W8-S RO, T mbifexis A%
z70l ozt 2008] o]Fe] & HolE E3Ath(Fig. 4, Cd).
Hel 2229 5L L. variegatus 0.145mg L' ~32mg L™
(Ewell et al., 1986; Nikkili et al., 2003), T. tubifex 0.38 mg
L™' (Chapman er al., 1982b), L. hoffmeisteri 0.33 mg L™
(Chapman et al., 1982)2 T. tubifex®} L. hoffmeisteri= -
ARgt QIS BYoH, L. variegatuse 279 w2t ¥
o]7} At} (Fig. 4, NaPCP).

5 3o 4gAT} Ak A¢E 23 ¢ wHad.
PEHOZE 522 T mbifex 0014 mgL™'~0.14 mg L™
(Chapman et al., 1982a, b; Rathore and Khangarot, 2002)
9} L. hoffmeisteri 0.18 mg L™' (Chapman et al., 1982b)3th
(Fig. 4, Hg). 1% Chapman et al. (1982b)2 5L Z A9
A T. tubifex’= 0.14mg L™, L. hoffmeisteri= 0.18 mg L™
2 Buste] o5 T $9| 20 that WAl fAk5Ha
o} G490 B9 L. variegatus 3,100 mg L™" (Elphick et al.,
2011), T. tubifex 5,648 mg L™" (Elphick er al., 2011)& Z-&
22X T. tubifex®] W0l & 7stAct (Fig. 4, Cl).

Z= gl ot

Y4 Ago] £ o 8F 54 ATEL AT A

ATl et o S8 A Areeet A% TS
B RS g HAARsEE 24U o Ao 54 =2

of gk A=Y W2 =& AIZh =5 55,49
B34 24,3 9 @424 (9, pH, &%, =, M 74
ol weh E3teh. 23 AY AFo] F Atolo] 738t
A FA¥AE A% Fol w2t 54 20 g U
o] 27| fjZo] T FFolgte A= HIX AN
Z9f o]k QUSIH. T XA} o] Ao T B FE 9
of PFHeE AAT 4= U A AFo] FE0]
T2 FEE =EHe BF 279 HEE FAUE
Hltky B E 9=, o] LC50 o] e dojub= vk
ojth Ay =4 ASolA U Higt adte A=
71ed Aor At FE7T REI o] o] =4
T7F XY EhA Heteojof ¢ RiFo|gty AZtEY &
d =29 anz AgolY FA Yo W= A=E A
3 gy o & A Qe WHILE controld] WE F&
& Y AAT & U Aotk gutF ez A A
OlE2 FY AES s B2 A2 Y FHE L &
9] &4k Zo=E o3t 517] 3l &2l ol=T (Avel,
1959), &4 F1& E2& $F 2 2420 €4 5= o2
2 2T 1 Mt £0=2 £ZHt (Leynen et al., 1999).
Leynen et al. (1999)9| A= 2F &2 9 A= wha}t A
% °] (Tubificidae)7} 3 £02 +ZH= AS 0|8t
HHos +d HUEPS 3 27 BEALESE AAE)
Atk A2 AFREES XAl Bl AsZolA AAE
Fens =4 B4 7Y 2719 FAAE = o= A
e 7Kt wEbs] AL a7 F=f0 olye 55 3
SHS E3F X502 Q1 AEH= "W (Son et al., 2006; Bae
et al., 2015) 55 &8st} AeA 27|HEALH, 2
B7F ol @A 1 227t U Aol

=

ot U re

I o

i

)

At At

o =22 20159 %= AR (AEH)S AP AU+
Aee] AdE ot £3E 7|2 AFAY Y (No. 2013R1
A1A2009494).
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