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A series of experiments were conducted to find standard test organisms and to develop test protocols for sed-
iment toxicity tests using indigenous amphipods inhabited in Korean coastal environments. The indigenous
amphipods Mandibulophoxus mai and Monocorophium acherusicum were well associated with various sed-
iment substrates from sand to mud. The tolerance limits to various physico-chemical factors affecting bioassay
results such as temperature, salinity and total ammonium as well as the sensitivities to contaminants in water
and sediments were investigated using M. mai and M. acherusicum in the present study. These amphipods were
tolerable to the adequate ranges of salinity (10~30 psu), temperature (10~25 °C) and ammonia (<50 ppm). They
have relevant sensitivities to the reference toxicants, dissolved cadmium as well as other metals and organic pol-
lutants, when compared to the standard test species used in other countries. Field-sediment toxicity tests
revealed that M. mai would be more sensitive to sediment-associated pollutants than M. acherusicum, while the
sensitivity of M. acherusicum was comparable to those of other sediment test species in other countries. Overall
results of this first attempt to develop an amphipod sediment toxicity test protocol in Korea indicated that M.
mai and M. acherusicum should be applicable in the toxicity assessment of contaminated sediments, following
the further evaluation encompassing various ecological and toxicological evaluation and the standardization of
test method.
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N B o] o] g3 QT84 2001).

HAE AEA9H = 5494 (sediment toxicity test)] -8
FFgg ol AXMERES =S AT AAAE AlgallT  HelE AMEAE 1A B2 2 ER s e BUE PN

3, TR s B Wl el Fash Ada ohet EAE SV A, sk AlEe] Y, FAEE W
o7|% sith A 5498 7H falisteEd e ol iRk L ElE miEES] WU AR AR ST 5 il i Slst
7Fe] FHE s o R feluo] HEAo® FAEel S48 THUSEPA, 1992; 1994; 1998). 53] B 2E A& A=
E} b B AE 92 EjuEtE BIRS AR kel A gl wEhis Fdode] sitelu FdE] Frlol o] A
A oln] FRISIEHAl X1l FAFoR QAT vk 2 ABEAR o R Fo] & A xaH el i VEo R
(Bunon, 1992). F8=E 297t gk sV AR ARl 549 AR Ay
FolsterEd 2 o HAES 8H°k Al 3 AE 2o weba] Al Akl AlEAe] dEks s 5 o] W
THAOEE el Tk A7 13e] E = qlvk HAE 2 el HAE AEA 7‘3‘?32 ol g3kl Qe AR F7Rt ¥
AELL AMAET 25 é Olfé o PP oAfF & T3 2 7|l kst BAE AlEFl tist 27 AR T2 E
FEE 183 o5 Avlehs QIFtel7A] A= dgEo] & F& P, Adste] Wtk 7]?;1011% ojsh, AqtaellA ols &8
717l AA 21 fal G Eo] wed *}F ok Wb AT AXNTE = JES AAISkL JITHUSEPA, 1994, 2000, 2001~ASTM, 1999).
o] ARKE A ] e A FodelA] slkoze] fallE SHEAIRE Sjel|x]E oA 7HA] Ad719] Al ol &Sk HAE =
A 0% Aol dAllelis 23 Er edo] FHFoj2 At E AGAIEW el tisii TlE mFEsE Aol AR ¢l o]
e o9 7}, e, Feh-udsd = Qs AR A2k A7 B AEHES A0 dFEd Bl &8sl s 9l
1= 2o tHUSEPA, 1998). £ AAolt}, webd B AEe AR : g de o8y
ﬁx]—z'Loﬂ/qb xF /\]64@%9_ zl;ﬁ g].ﬁ U] TFOHEZ] }\Lu_oﬂ = E]x—lﬂ A]éhgﬂo 1/&1 71—E (benthic amphipods)Q] —TLLH)\]-
Zoto] 11 JFS ke =57 (bioassay)y= THFeHAl /I AlAEel disliA AlRFCmAL] 23S B AL, St Al

1

stol aFed AElAIS] 17 H7HE flsk o R FEA o] el v EEskE AlERAS gelste] olo AT AlEHE
£531 ok, AEAAHS A (environmental media)oll 4 AAE7] Y8l AH ] AHES =35I}t 2 {iﬁrcﬂ] A= o] 3k
h= fflERe FE-9% ﬂﬁ](concentration-effect relationship)  {A O F FFH P ojg] AT AH}ES Q9381311 o]l &A
T8, 371% 2 9 Al EAshE el (chemical 3ol ZAJE AIEHS] 543 W&ol thato] 7&‘%0]'74] sto] Al
mixture)el] 2]k A= ”37} T HAo® o] gl gt AlBict.
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O F 3 A= 1990 d ) Ente]) %01/\1 ofF &4 @,,E o|Zo]x]7] 2 AT AEEQ AM FZ5 Mandibulophoxus mairc A3

A2}, S = Y2 (amphipods)S BI5E3810], A7 (sea urchin),  Hof] Y% diokt v o} M) Feaabdold A s
W) Al Aol -8 o83t HHE ARl TN Monocorophium acherusicums (F)H| L. AB] = A oA AFA] HH
Hof E&&E A Al(whole sediment) == E& &S] A QA 52 AEMAE o] £33k AP AA A<l

(porewater and organic extract)ys TIC R FalS H7l6s Wl M acherusicume 20031 - 7oA 23]k o] ¢ @_ZH”]'X]

Table 1. Description of candidate test species of Korean indigenous benthic amphipods

Species Figure Characteristic

- Distribution: costal areas of West and South Sea of Korea, and those of Australia, France,
North America.
- Habitat: intertidal mud flat, subtidal zone, and seaweed community, U-shaped tube builder
composed of silk, mud and sand particles (NIMPIS, 2002).
\ - Morphology: yellowish-brown in colour. morphological differences between males and females.

Monocorophium
acherusicum

(A. Costa, 1851) 4 i .\\ ) o " ‘ Q Ecology: Females brood embryos on their abdomen, which hatch out several crawling juveniles.
; ‘: N Oviparous females found in summer but no seasonality in laboratory culture for breeding.
4 - Phylogeny: Arthropoda - Crustacea - Malacostraca - Eumalacostraca - Peracarida -
Bousfield (1973) Amphipoda - Gammaridea - Corophiidae

- Distribution: costal areas of West and South Sea of Korea and supposed to be Korean
endemic species
- Habitat: intertidal and subtidal sand, free burrowing infauna.

Mandibulophoxus - Morphology: white in color, pinkish during maturation. no distinct eye, no morphological
mai difference between males and females.
(Jo, 1989) - Ecology: Females bearing ~20 eggs found from summer to early autumn in Taean, Korea.

- Phylogeny : Arthropoda - Crustacea - Malacostraca - Eumalacostraca - Peracarida -

Amphlpoda (Suborder) Gammaridea - (Family) Phoxocephalidae & 3 7} A] 71 ¥ <1 A}
Jo (1989) © (84 2006)
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Table 2. Summary of test conditions and test acceptability criteria for benthic amphipod survival test
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Parameters Test conditions

Test type static non-renewal survival test
test duration 10 days

Temperature 20+1 °C

Salinity 30 psu

Photoperiods Continuous

Light quality “cool white” fluorescent lighting
Light intensity 500~1000 lux

Test chamber size

Test sediment volume
Dilution water

Seawater volume

Initial density of test species
Number of replicates per concentration
Size of test organism
Feeding regime

Aeration

Water quality measurement
Endpoint

Test acceptability criterion

1-L glass beaker

175 mL (0.3-mm sieved sediment)

Filtered natural seawater

800 mL

20 individuals

4 or 5 (5 recommended)

300-500 um for M. acherusicum 1.0-2.0 um for M. mai
none

none, unless DO falls below 80% in saturation value

measure water temperature, salinity, pH, DO and ammonia at 0, 5 and 10 th day of experiment

survival rates
90% or greater survival in controls

Table 3. Time schedule for 10 day - benthic amphipod survival test

Experiment days

Experimental contents

1) collection or purchase of test organisms

-10 days 2) acclimation of test organisms in glass beaker with sediment filtered with 300 pum mesh
-9 t0 -2 days 1) acclimation of test org.a.nisms under the t'est conditions

2) check the health conditions of test organisms

1 day 1) distribute t!‘ne test sedimeqt in bealfer
2) add overlying seawater with aeration
1) measure the water quality (temperature, salinity, pH, DO and ammonia)

0 day 2) distribute 20 individuals at e.:ach bf:aker . . .
3) collect small amount of sediment in beaker to measure the total ammonia and sediment quality
4) remove the non-buried individuals after 3 hours and put new healthy individuals
1) exchange the overlying seawater after 5 days of experiment

1 t0 9 days 2) check the behaviour of test organisms every day

3) re-burry the floating individuals by aeration

4) conduct reference toxicity test

1) Measure the overlying water quality
10 days 2) collect porewater to analyze total ammonium concentration
3) count the number of live organisms
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Table 4. Summary of test conditions and test acceptability criteria for water only test of benthic amphipod

Parameters Test conditions

test type
test duration 4 days
reference toxic material

test concentrations

temperature 20+1 °C
salinity 30 psu
light quality dark

test chamber 1-L glass beaker
dilution water

seawater volume 1000 mL
aeration
10 individuals

number of replicates per concentration 3

number of individuals per test chamber

size of test organism
feeding regime none
water quality measurement
endpoint survival rates

test acceptability criteria

filtered natural seawater

static non-renewal survival test (water-only test)

Cadmium ( adjust pH to neutral)
0 (Control), 0.25, 0.5, 1.0, 2.0, 5 mg-L"'

none for daily renewal test, otherwise continuous aeration during test

300~500 pum (sieve) for M. acherusicum 500~1000 pum (sieve) for M. mai
measure water temperature, salinity, pH, DO and ammonia at 0 and 4™ day of experiment

90% or greater survival in controls

96-h Cd LCs = 0.7~2.1 mg-1I"' for M. acherusicum
96-h Cd LCs = 0.2~1.8 mg:1"' for M. mai

2000a, 2000b, 2001, 2004, 2005a; Lee and Lee 2005a; ASTM,
1994, 1999; USEPA, 1994).

B =olA d9E AAsE @729l uld 9 falER vdw
et Al W % HAE SAAI ol sk pAlgh A 7]
= B3-S FE3(Lee ef al., 2005a; 2005b; Lee and Lee, 2005b;
o] &, 2005; = HEE 51, 2006).
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Agge| M
FURE G279 EE 73 BAF
& AelMe B2 A SAE A AldEE A4
sk7] flaliA ofe] Suiit Dkl dis Al A E Brkshe
e ] ALY ATE FH3IGITE 1 el A 9j=e] BF
AEFL] = MAol S Tetatarat siGitt. ey €)=l o]
u ¥ APFO R o|&H L Q= Leptocheirus plumulosus,
Ampelisca abdita, Rhepoxynius abronius, Eohaustorius estuarius,
Corophium volutator “s-2] AMFZF= el M2t 7155
ZES- 4= QSITHUSEPA, 1994; Jo, 1989; Kator et al, 2000; 71, 1986;
1991; 7, 2000). TRk w|= A-0] x| ol AlglF oz 7t
=% Grandidierella japonica= =] 4120 R ATHA, 1991).
Ut D2l sk B3l x] Blag] gl Al wazel] sy
718 Qlo} - ATrellA] AR E912 Jo(1989), 71(1991) L
23 %4(2000) 501tk 7 (1991) 7870 dfigtollr] e 25t
°oF 8001 F= 7IAeISit. 1ela 2 Fo] W2 543 Aol of
Sk ARl 15 AlFskaL ek AR 718 F(species)F oA
QoA B8l T3 FARSCE = Ampelisca brevicornis, A.
misakensis, Corophium japonica, Grandidierella japonica, Eohaustorius

longidactylus, E. setulosus 5] \ATF. Ampelisca 5+ %

£ EF A7)0} Tk Al AEUTE. Corophium 5
= ol weh B} olg o 538 ugivh,

Corophiinae ©}#+9Hs F53to] 7] A8 4 (2000 7]E0
Corophium® = 575 E5& Sinocorophium, Monocorophium,
Apocorophium 5 Al F2F UFo] -58k= A4 (Bousefiled and
Hoover, 1997)% W&} Corophiinae®l] 3= & 8 52 T3 A3
QE iRk 197 A7dellx] zRdsted Z1AskaL ATt 523t Corophium
I ZAFR! G japonicas 737158t AebdEE, AFEoNA AA
H3L, Eohaustorius 5o AePga el A Eet S 3wl
A AR Ao YERITHE, 1991). SRR F+A1A Q1 A5 9%
U AAEE 5 AR o 5 el A AR 2 A7
o] APl W2 G japonicas HT- AAE, FEE A
A AAlo] 1)1 it

Alik ARz oA Ed S A D2 S 71AEE Jo(1989)
of = -y}l Ate] = et A d4FE BE
Dogielinotidae, Talitridae, Phoxocephalidae, Oedicerotidae, Haustoriidae
T12]31 Urothoidae 5 67 F(family) 52 sl sidsiict. 714
S AN =2 Haustorioides koreanus, Trinorchestia longiramus,

Mandibulophoxus mai, Monoculodes koreanus®} Urothoe sp. B}l
Hyskal gl

TR T2F FEHTE 8 BAF

SUlellA HxZ AA GRS o] gst HAE SAAIEY MY
of 3t AAA FHS £2001) 024 Aafetold AATE M
mai®]l NEYE A= 9 A% 2849 5 FHEIAE A
ek, AR W2 M maie YA AFE A ES BT 3|y)6t
A e B, TR, F5 8ol SelM AlEFEozZA ] A3t

= o= A 9EEh= 10w Hryekal QItk(Table 1).
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st ZF ) AR Sl dRe BEE Ak ARde A
st} 1 AY FFolM= M mai, M. koreanus, Haustorioides
indivisus, H. koreanus, Urothoe sp. 52 AJ&=°] & A=,
FELANE G japonica, MRFEOA= Sinocorophium sp., 12
1 ol M acherusicum®] 212} AL} 0] AHE
AEES APAR $A7 H23E AE8EEA 433e 27t
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23yl thst g7k, 1093 YA, AR 5 ofe] Y SAS e
B & Zolx] mjsiia =g A AT RS AR Ade
Z3E A H(Lee ef al, 20052). YEE AFE vjolS $)51e] mjd
18] B2aS Blolu Sl 7HAIS) wlEs 2Aksko] 104%te] 3+
fhelet Bt 39y Al AR e delA 90%
ool AEET 5% olste] Bt F|TEE Kol AIFYE FHE
02 ot FL2 M mai, M. acherusicum ‘5 2= EFSTHTable
5). oI5 AP E FEF deliMe 25, G, dEUoF & Al
Aol PR A 7 o= A 21l gk B7EE At

=5 Y

7)1E ATFolA o7 L WY oA 1047t BAET} B wljoF
St A M mai= 13~20 °CollA] AAEE 100%, 22 °ColA] 90%=
Frelgt ko] gl o) 25°CollM= 80% ©lskE APdEC] tha
S7FIATHe] &, 2005). Y2 M. acherusicums 15~22 °CollA
st Ao dlst F&ko] §lolar, 22~30 °CollA= thi A&
o] Lo} H IR 80% o] AEES Hof 12

Table 5. Avoidance and survival rates of four benthic amphipod
species, Haustorioides koreanus (HK), Mandibulophoxus mai (Mm),
Haustorioides indivisus (Hi) and Monocorophium acherusicum (Ma)
exposed to various sediment types for 10 days.

Species Sediment type Mean avoidance Mean survival

(mud content) (%) (%)

Hk Sand (0.1%) 0.0 95
Hk Muddy sand (45.9%) 47.1 80
Hk Mud (99.5%) 86.3 95
Mm  Sand (0.1%) 0.0 95
Mm  Muddy sand (45.9%) 52 90
Mm  Mud (99.5%) 6.3 88
Hi Sand (0.1%) 6.3 95
Hi Muddy sand (45.9%) 8.8 95
Hi Mud (99.5%) 9.0 90
Ma Sand (0.1%) 0.0 90
Ma Muddy sand (45.9%) 0.0 93
Ma Mud (99.5%) 0.0 93
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& 15~40 psu HSlolx] fost A& 2fol7} viERA] 2okt
(Lee et al., 2005a). SFAIRF 10 psuclAls= F & 55 80% ©lsk=,
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AEES Blusle] $%-93 IAIE EesickFig. 1). AEATH
T UFUoFs % (total ammonium)7} 50 mg:l" 13} 73-g-ofli= A
T B fenle Apdo] wEEA] AR 1 o]de] wEellA
 APdEC] e} nldlste] Trleke 54E Bk vt 9
S WS Qe §5EE M mai>G japonica>M. acherusicum®)
TO 7 FTIsI] M. acherusicum©] YR oL U do] 71 & Ao

120
30 psu, 20C, pH=7.8
100
s M. mai A
< 801150 =105 (85, 131)
9 |
T 60
2
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3 LC50 = 144 (112, 222)
2
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0 LC50 = 155 (94, 256)

0 50 100 150 200 250 300 350
Total Ammonia (mg/L)

Fig. 1. Comparison of mortalities of three benthic amphipod species,
Mandibulophoxus mai, Monocorophium acherusicum and Grandi-
dierella japonica exposed to various total ammonium concentrations
in seawater.
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Fig. 2. (a) Survival rates of Monocorophium acherusicum exposed
to various ranges of dissolved Cd concentrations in seawater. (b)
Comparison of 96-h LCs, of Cd (mg1") among various benthic
amphipods including indigenous species and standard test species in
other countries.
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Fig. 3. Temporal variation of 96-h LCs, of dissolved Cd for (a)
Monocorophium acherusicum and (b) Mandibulophoxus mai
exposed to various concentrations of Cd in seawater. Horizontal
solid line indicates the mean of LCs, values and dashed lines indi-
cate upper and lower limit of 95% confidence interval, respectively.
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Fig. 4. Mortalities of Monocorophium acherusicum exposed to estu-
arine and marine sediments collected near Onsan Industrial Com-
plex for a round robin test between two laboratories (West Sea
Fisheries Research Institute and NeoEnBiz Co).
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