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Abstract

Aguatic sediment is a long-term sink of all pollutants, therefore it has played an
important role in the biohydrologeochemical cycle of chemical species in the ecological
environment. Inflow of waste water from upstream rivers bring large flux of pollutants
entering the Kaohsiung Harbor daily. In order to reveal the ecological risk of Kaohsiung
Harbor sediments, we have applied an ecological metabolomic approach to investigate
environmental factors pertinent to physiological and metabolic pathways of a marine
amphipod Hyalella azteca, at the molecular levels, after exposure to sediments collected
from different location in the Kaohsiung Harbor including the stream inlet of four rivers
of Love River (LR), Canon River (CR), Jen-Gen River (JR), and Salt River (SR). These
rivers are flowing through region of high human and industry activities. Additional, an
harbor entrance 1 (E1) was selected as a reference site. We analysed the sediment particle
sizes, heavy metals and PAHSs. In E1, the particle size was the largest belonging to sand,
and the heavy metals and PAHs were the lowest in the sampling sites. In addition, there
was no consistent trend of pollutant concentrations in the other sampling sites. Adult
female Hyalella azteca was exposed to different sediments in seawater. After 10-day
exposure, the metabolomic analysis of Hyalella azteca was carried out using *H NMR
spectroscopy and multivariate statistical analyses. Results of partial least square
discriminant analysis (PLS-DA) revealed significant separation between extracts of
Hyalella azteca as 2 groups: (E1, LR, CR), and (JR, SR). Metabolites whose VIP scores
and AUC >0.9 were homocystine, isocaproate, levulinate, methylmalonate,
methylsuccinate, N-acetylglutamate, oxalacetate, pimelate, proline, suberate,
theophylline, threonine, trimethylamine N-oxide, tryptophan, valerate, valine, valproate.
Results demonstrated that NMR-based metabolomics can be an efficient method for
characterizing metabolic responses related to heavy metal contamination derived from
polluted area, for discovery of metabolite biomarkers exposed to whole sediment test. We
also used this platform to perform on toxicity test of copper on the amphipod and the
effects on metabolites changes. The future work will be continued to discover the
metabolite biomarkers related to different single or multiple heavy metal influences.
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% 1 pg #t07& % 5 (2-Fluorobiphenyl 2 4-Terphenyl-d14) - 4¢ # {4 r2 *2 3 3= iF TR
Lg% 23 ,Ji%i‘ﬁ(CREST’:é “400W) B i % B~ 30 A 45> Hrw 10 4 45 -
P b ER R AerSmEe i RA)EAZTE 3 DRI BRTED
F-@gy o FPRAFREPREREL > DG FRPIRFETE £ UG AR
R 47 % 3% & (Agilent 6890N GC/ 5975 MS)» 47 o & 4p & 47 T3 K3 T iE % 0 L »
CER G 280°C AR A A 1806 A4 A TR(L T F 11 35) 5 K
7 ¢ 1L 5 HP-5MS>30 mx0.25 mmID> 1um %5 % i # ma CEF 2 L L
Wi RER S 35°C iy 24450 2 5°C/min + 2 3 140°C - 2 10°C/min *+ &
3 300°C - g 15 min; R FMALFHRS F 0 inid 5 1L5mUmin; 501
& % 1puL; F#4F s ¢ Selected ion monitoring (SIM mode) ; &+ i+ = 5% %
% F 2 (EN)-PAHSs 2 %14 ik i b it iF > 3 12 Scan Model (' 3% #F po # [l (scan
range) : 35~500amu ; # pe & 5 (scan rate) : & § 1.6 =t)i& {7 PAHs 2 & ¥ &
(AccuStandard M-8270-1S-WL-4X)z 4 47 » 5d B 3% 7k & (National Institute of
Standards and Technology, NIST)* %4> @ & PAHs 2. = ¥ PFRF 2 1L B 35 ok 57

2. PAHs R R2 B2 IR fRIBREFTE > m TE NG

%L PAH g 7]+ (RF) 2 & PAH & p R 52 jlig 5 R 87 TR o

Bl d 41 £ 42 PAE ~ 4-NP 2 4-t-OP A 45 i 4o ™ #if @ fLB 0o §2%
12



23R st 100090 B 1ImL 2 g3 EE ¢ (CHARER PR E) > 4o 2 SmL
=& 9% g4 50 ng pAREE R (p-terphenyl) o 39 R 5 EiR R R0 B

% LG 4v o~ ST 4 R & (without sediment sample) o & 4% 4% - en @] # - 4-NP 2
4-t-OP 2 £ AR Fode 2302 F PR AY o M RS E R R ERT BN 632
3o Mg BN AR A KB (CREST » # & 400W) 237 %2~ 30 » 45> dtw 10 4 45 >
12 pasteur pipette B~d1 F & E B o A O FS L e SmL - F T =EH R YT
EFB 3 A TRFZBRITENR - RE Y o B TRV i’éﬁ‘,ﬁim
(desulphurization) » £ r2 4 % & 45% i B > B S U E R B B B F F bk
xR 2 05mL > & 04§ 4p & 47 F ¥ k(Agilent 6890N GC/ 5975 MS) 4 17 = §
BATHH# REELFEDE A2 v B RS 300C i » PR Aun o LA (82 A 4BE A
(At Foi20vh 1) A7 L e g s HP-5MS > 30 m x 0.25 mm» 0.25 pm %05
-’ﬂi%a BiEE L 70 CRg 244 1220 Cl/min + =2 3 220°C » £ 2 5°C/min *

2 300C g Smn; i FHIEIERE F 0L m?’h/,. £ = 1.5 mL/min ;
e r 2 5 Lul s %‘f‘zﬂwmﬁ_ : Selected ion monitoring (SIM mode) ; &3 it
SN LT IFIREZED - K THFH I 5 107 ~ 135 ~ 149 (for 4-NP and 4-t-OP)
% 244 (for internal standard, p-terphenyl) - 4-NP % 4-t-OP z_ =+ % & F it g i »
i r2 Scan Model (7 2% 4 B 4 ¥l (scan range) : 35 - 500 amu ; B i& 5 (scan rate)
* 4 1.6 )it {7 4-NP 2 4-t-OP R &R 5.2 A~ 47 > 5d B 74 & (National
Institute of Standards and Technology, NIST)* %t » #_& 4-NP 2 4-t-OP z_ i § pF %
23 BT o 5P 2 4NP % 4t-OP 4B BFpFFs i 82 58 7§
I EEFEME > A TR N %L 4NP 2 4-t-OP T35 R 73 (RF)2 4-NP
(135 m/z)2 4-t-OP (135 m/z)&r p &2 5-(244 m/z) 2 % 58 B B (7 T & o

BiLE & pHE > Z - R&EETESESE TEI L RRRESF 2L 28
PREF AW EBHERP T C(DEEBCR E g R s &
8): BERARRRFRF L 2R RHR G Z(BRAFE ALY £ RS -
Bkt ee g ) it ;2 NIEAM301.00C) Bl 2 o (2)% : & {Trcfadh it F o4 2 R 8E 4
% (2 RRLERAP T RAKR 2L EFF BRIk NIEA
M317.03B)ip] %_o (3)F : ik (Focfath % 4 2 LB 2 (22 ALY M
B E —A i g 3 s k# iz NIEA S310.64B)ip) 2 -

S RAEE & - i /R % A 45 (NIEA C303.03C) & :
B REEBEAP Y RARER S -4 EF R ook (NIEA |v|317035)
FhoU AR RGE P RRERS 2 — R Y & RS ek 32 (NIEA S310.64B)

13



BEAFIUREZ BRI T LI RERRLER G TR

3. Rk & MBI

3 F v > KR & )& (whole sediment toxicity test) - i {7 10 = £ 142 30
APttE RGE T AR At o R REI 22 B RFEFS L
Pl e RGBT R P FAAAREL  FHEY - X H2 B nE T
2R RBAEIE - fE2 % -

BIRR AR % oY L 247 ¢ o A 200 mL AR B Y E P Tk el 4 i
chia-k 3 400 mL AR C RE-k=11) ¥ @45 F £ F (rF 3.2 #¥ -
A FEREFRILDBREFE AR HRBHE ‘?%"%ﬂ ¢ (B 3.2) - F 5%
BRE PR % 0] 2 B RE(n =50/ & 4r ) g Ll et B3 g o & fA AR U 3E AR
Fod 4 A& 5 50x 3(F 4F) x5 (J& ik )x 2(10 day/ 30 day) = 1500 & - & |£F % =t

#10 % s PRk 2 i o B N A e

4.z AR s 5B

B SaE RN EALL el mL HPLC &% 7 fig 2 fs »
PR NREF A A EFAHPTED o NEPR(TR & 7 k= 4:4285)%
Bots o g R ke RAR o kA k 7 kB e .ww SRR R A
B oo kAR T t6 o 0P pR % chloroform ki v FE H s < 4 F 0@k
2ok Ap kRIS i g S 0 £ 2 7 N4 sodium 3-(trimethylsilyl)
propionate-2,2,3,3-d4 (TSP) (Sigma) 7200 pL 0.1 M 12 D20 fie @ crmhfs 4p % b7
(PH 7.4)¥ 73 o w33 5 2 4% & 12 13,600 g % 4°C gt 15 A48 > il b Fip » @ (3
2z ig 5-mm NMR tube &7 & 47 & L &% 1330-70°C & #F £ 47 -

NMR = %"T%’“’i 3’?%%?' | * ,r;‘z ,“ 'H fr 13C NMR 3 i e dp 30 £ 1
’fﬁ? m% o ﬁwﬂf%* R '%'% ERLE R LRI

14
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BELFA AR RASHUT LB RBRRL B KITG
5. % & NMR sk 3%

I # AR EB R L BT RS B S EH Bk o A3 2. NMR
sk 2% 12 Varian Inova 500 MHz (INOVA 500;Varian, Inc.,Palo Alto, CA) % & £ #& ik #
170 (W 02 TSP 4 £ (0 ppm) » — A TH 2§ 298 K (25°C) ™ #78~ » -k i#
FELJ* presaturation pulse 2 Fr4] o & B Jf{ 11 8 kHz 3# 5 % 1% 3] 32,000 B #
PRBE o F SR B FEER 128 1 transients 1 F PR R DR ATE o - e AL ]
2D NMR % rgzni#d 2. &> » ¢ 5 TOCSY - 'H-*C gHMBC -~ *H-**C gHSQC

% 'H-PC gHSQC-TOCSY-NMR %3#2 QA 2 QC # 27 Jikth i3 in ¥ chz g
4 sodium 3-(trimethylsilyl) propionate-2,2,3,3-d4 (TSP) = 0 ppm X f& it i* & >
o Xl AT P2 kPR TR E D 0 KB FRF I BN

6. k1 HAHR

'HNMR & 2% 2 Chenomx NMR Suite 5.0 (Chenomx Inc., Alberta Cannda):t =
32 > B~ 0.50-10.00 ppm ek 33 > 3 % K ek 3% (4.7-5.1 ppm) > f1* Chenomx F
B (Chenomx libray pH4-9) 7 14 k-1t & = 4 Gt 5L i dp sl 0 7 Dldp e g
FBr 2 kg 2 s guae R 5 % - (normalization) » v 7 e R T
(internal standard; TSP) = & f* (standization) sz &> 1 $ldp 20 i 4 £ 1 ﬁ”pﬁ%ﬂi&l IS
Microsoft Excel (Microsoft) & & o i&— # 1 'H-3C %z 12 Spinworks (University of
Manitoba, Canada) i& {7 ¥f45 7% 2% & (FFrsl

7. 3t a4

F MRIE 2 5% 5 1 One-way ANOVA 2 post-hoc t test & {7 4 15 o 45303 &7
Kb 2 3 g E 4 7308 SIMCA-P (Umetrics Inc., Umea, Sweden)ig 7 i & -] =
3k 2 %] & +7 (Partial Least Squares Discriminant Analysis; PLS-DA) & 47 - @ ¥ E'I it H
& FHeh i FH= 41 * variable importance to the projection plot (VIP pIot) &
score > 1.0 ik e > it (Bt o B 27 ANOVA Fe 2 E & 7 . .Bﬂ]
R L23%-adpit) L3003 2- H i fdhihanig o fIr:
receiver-operating characteristics curve (ROC curve) » & ROC curve ™ g # (area
under the ROC curve, AUC)=#iciz » 12 AUC=0.5, not accurate; 0.5<AUC<0.7, less
accurate; 0.7<AUC =0.9moderately accurate; 0.9<AUC, highly accurate; AUC=1,
exceedingly accurate - 4 i@ :E 41 AUC>0.9 sk 314 5 7 ac end o 3e 5 &5 Wk

16



Az Ae®] 3.3 0 MR R(H 10 1 (T3 P )G R A DA B LR NHEE 4 B
73 F R 2 Human Metabolome Database 2 BioMagResBank (BMRB-metabolomics)
FTREREF L S Fand F 7R > 2 S PPE T R L -
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AR AR A FAeT

i REa

112|345 |6 |7 |89 [10]11] 12 1%
3
jc}%ﬁ%/ﬂ%i’%-- H B B R E R E
P E-¥: A
BS B B8 Mk 3k
FRERS E R ¥
% | | L
ERIER H =
& 2 F PR Py |
H H I
/BRI ) )
» ey |
MR ¢ 388 3 " B .
TR [ |
R AR [
T E AL 5% (15% |20% |30% | 40% |50% |60% |70% |80% [90% | 95% |100%
Baw ( R
mos )
. RRFEz e
i S
2. BER R A
HAEEME PR
R PBARERRBETAMEEZER
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BEAFIPRBZBEAHHELETIRERARL LR BTG

T~ BEEHE
LRARFEEFL LB E

Mg ceE o BT (ED)E 2 Bt e Bikgk H5 4 A B 5 € P (Love
river, LR) : j7 "R E 12 22 > ;%714617? He2T o8 R4 BKELR

AR e “1 » B (Canon River,CR) : % 7 4y chfhing £5 113 T3 22 » % [
—i 1 E%R AL RAE LD at)%ivl\ o % 487 (Jen-Gen River, JR) A
P B ,‘&%r}&ffi 53.85 F 3« @i & A A B KRG 5 Rk BokEE(Salt river,
SR) B ;54‘1’/uLzmﬁ%él,ZOOQ“\’Fl}f]{w;;ﬁxl%&gi’t’éﬂw,a ’

A4k R T ERK

LALBA S BEBLAR L HFITEPI E LR EE o TS B
7 (B 4.1) » % 7 E1 gk (sand, >63 ym) 5 A & fe s ¢b(57.7%) o H AP HE 12 <63
pm z Ak (clay) 2 2 (silt) 5 A & 2= o gt mif g (fine particles) & 17 #- ¢ H 5 &
FEITRIFRHELARA T WAL 2k o d B 42 2 g} 43 Bt e @7 TP
shARE G RE 5k (56.8-97.2%)% 4 8 5(5.7-9.0%) 5 £ - % 5 1 R
M- @A MR BN LAURF ER

5 4% R B R E 2 & £ & ik & A 475 % (R 4Dk it

(1) & : RiE € & HAER A00.10 ~2.65mg/kgz f¥ » % T 4528 ¢ (CR)%2 % -k iB
ESR)Z P EM B F ow BF T RlE AR G R AR S TREL L UL

0.87 mg/kg - (®4.4)

(2) 45 Rikdb BER 420177 ~82.6 mg/kgz F¥ » # ¢ LR~ CR% SR= fim v
FR R B RGE & 4 2 T rLiE48 mglkg o (1F14.5)

Q) 45 : £ £ F4EER A5B ALK 2 ER 4137085~ 1.87 mg/kgz B » 51 &R 2 4§
RSB T RE & 4 tR2 T *1i20.65 mg/kg o (#14.6)

DRE g & B R 40422 ~ 214 molkgz B 0w B T W BT AR ST

(4) &
HiE 2 T LB 76 mo/kg - (B14.7)

(5) 4F : P25 A E4FER 435212 ~ 516 mg/kgz ¥ » H ¥ SRip|xk2 & 4F

EFEAPEF D H @ Rk CRYIRZE SR= B AR F 3 AR S FihikEz
+¥2157 mg/kg - ([©]4.8)

(6) & : RE4RER 430207 ~1491 molkg2- FF> 2 ¢ CRipIsb2 RiE& 2B 5 B

He»wduplberBip' v AEHERY AL STz 11384
mg/kg - (1#]4.9)

20



B ¥t

(7) 4 AR E & Bk R 40234 ~66.3mg/kg2 [ % 1 ELMO &R & 45 1R
BT rTE (24 mo/kg) o By BT AR SR T rLiE24 mglkg - ()
4.10)

(8) 4 : KL T &£ B4k 1135245 ~ 665 mg/kgz. & » H ¢ LR% CRz_ip|#245%
294 mg/kg - % - (EB]4.11)

el o e BRr RAZLABERASCRIRF AL SFTT AL Vg2
Frm o Bt kB Al A2 23R JHEA B -E2HEH-E
éﬁﬁ%&%%/}wjé\ » X:CR; 4-:SR; 45:CR; 4:JR; 4:SR; #:CR; 4:SR ;
4 SR 2 BlaE £H 7 FHRZDEAE & 1 CR>SR>LR>JR>EL | 4 ¢
SR>CR>LR>JR>EL ; 4% : CR>LR>JR>SR>E1 ; 4% : JR>SR>CR>LR>EL ; 4% :
SR>CR>JR>LR>E1L ; 4 : CR>SR>LR>JR>EL ; 4% : SR>CR>LR>JR>EL ; 4% :
SR>JR>E1>CR>LR -

21



BEIFABRFIRRAHNELEIRBARRL LR TR

1241 RAZFEPEREELRAFES

b ) E1l LR CR JR SR Tr@E! rwp!

Clay (<2um) 3.4 5.4 3.8 7.4 4.1 - -
Silt (2-63um) 389 72.4 65.0 75.4 44.6 - -

Sand (>63um)  57.7 22.2 31.2 17.2 51.3 - -

5k £ (%) 326 97.2 56.8 68.2 65.1 - -
4 17 (%) 3.9 9.0 6.5 5.7 6.0 - -
A (Mg/kg) 0.10 1.87 2.65 0.88 2.60 0.23 0.87
&(Ma/kg) 17.7 48.0 65.8 44.8 82.6 48 161
4 (Mmg/kg) 0.85 1.86 1.87 1.69 1.15 0.65 2.49
4. (mg/kg) 42.2 103 137 214 169 76 233
4 (mg/kg) 21.2 105 235 162 516 50 157
#(ma/kg) 207 570 1491 424 1122 140 384
4. (mg/kg) 23.4 425 55.5 35.5 66.3 24 80
4 (Ma/kg) 414 245 294 472 665 - -

L AR S Fp e A 8 F A ¥ & U pp2 (10114 % 2 F 5 1000116349 54 37 )2 ¥ » iE A% &

Fhfsn 2 £ 0 =l .

22
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BEAFIURE2 RACHMTLEIRLBARL GA GTR

E1 LR CR JR SR

B35
W43 AR BFA G H

24

10

A # R (%)

& i B (mg/kg)
e e

o
&)

W44 AL € & KA G R

LR

CR

B 35

4 " 0.87 mg/kg

* i 0.23 mg/kg



&% 7% FE(mgikg)

5% ik FE(mg/kg)

100

80

60

40

20

1.5

0.5

B2

_________ L | T "iE 48 mg/kg

E1 LR CR JR SR
S 35
W45 REE &BEA FH
L - - - - - .._..________r__-‘f“lfﬁO.GSmg/kg
E1 LR CR JR SR

B35

W46 RiEE & BEAL R
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2+ g 233 mg/kg

T {E 76 mg/kg

A3k
W47 R E ERELTH

4" 157 mg/kg

* »ig 50 mg/kg

B35
W48 RIEE & BérA W



1600
1400
1200
1000

800

4 iR FE(mg/kg)
()]
o
o

400
200

&4 R EE(malkg)
— N (%] P (@) (8)] =~
o o o o o o o

o

BE 23

- - - -|*+ e 384 mg/kg
- - - -| ™ e 140 mg/kg

LR

CR JR
pUR

W49 RLE &£ B&EL

Hi‘f‘li%mg/kg

E1

LR

CR SR

R »5

W4.10 Rk € & BéE 4 & W
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Ak

2. ik it EF Lt
(1) PAH

5 BHIRBEAL Y 16 8 PAHS A 478 % 4ok 4.2 99577 o Rk P 3 KTk #ic 2-3
% PAH (LPAHSs):E B 4 »* 14.6 ~ 11,632 ng/g dry wt. 2. f¥ » SR ip|zb ek B B9 AF B
S H wop ek 2-3 B =8k (B) 4.12) o RE P B Fi#ikc 4-6 Tk PAH (HPAHSs)E & 4 »t
63.3 ~ 12,731 ng/g dry wt. 2_ & » &2 LPAH 4 & 4p 7 > SR PI=bek B P &8 % 3
H ek 2-3 B = 8c(B) 4.13)° & & ¢ 4 PAH(Z PAHS)E & 4 »t 77.9 ~ 24,362 nglg
dry wt. 2. & > SR &L P &g § >t 2 & |k 4.5~300 & 2. (B 4.14) - % 16 f&1&
Zz_ PAHs ¥ > Phenanthrene (PH) ~ Fluoranthene (FLU) ~ Pyrene (PY) % Chrysene (CH)
Fefisi& PAHS it & 4 > T35 ik Y PAHS ¢99.0% ~ 13.3% ~ 13.4%% 9.7% -
LRl R 16 48 PAH 2 )k R AP Y KR S i B8 0 EL-LR-CR %2 JR
Boif 2. 16 48 PAH % M0 KR &gt B2 T 'UE 0 2 SR AR 2 16 8 PAH &
BREMEFTE . 2P Naphthalene (NA) - Acenaphthene (ACE) ~ Fluorene
(FL) ~Phenanthrene (PH) ~ Anthracene (AN) ~ Fluoranthene (FLU) ~ Benzo[a]anthracene
(BaA)% 7 46 PAH # 3 B+ "L (% 4.2) & SR Pz AR v PAH $H-k 3 4 4
R AL BTEE2 B o ¥eb o d 4% LPAH & HPAH 3 £ & & 7 (F 4.15) -
Loplabz vt B A 01~09 2 F > Bor PAHS 1 & ¥ 5p £_Kk p 22 kR (pyrolytic)
R R A R % % (petrogenic) v i 4 o

29



BEIFABRFIRRAHNELEIRBARRL LR TR

% 4.2 Rk PAH 247 % %

PAH (ng/g dw) E1l LR CR JR SR Fm@g!'rag!
Naphthalene (NA) 3.1 17.0 32.7 12.7 1989 70 550
Acenaphthylene (ACY) 0.9 4.6 59 6.3 301 40 420
Acenaphthene (ACE) 0.8 5.5 10.2 3.7 2086 40 270
Fluorene (FL) 15 8.6 20.7 8.8 2558 40 260
Phenanthrene (PH) 5.9 31.0 39.9 28.1 3609 150 1120
Anthracene (AN) 2.3 11.7 131 12.2 1089 80 800
Fluoranthene (FLU) 4.9 108.4 70.7 50.2 2906 290 2860
Pyrene (PY) 8.0 92.6 71.9 55.2 2216 290 2410
Benzo[a]anthracene (BaA) 5.0 43.4 28.8 23.9 1840 140 1210
Chrysene (CH) 9.5 76.6 40.8 29.4 1534 190 1730
Benzo[b]fluoranthene (BbF) 4.5 42.3 39.4 6.5 379 160 1340
Benzo[k]fluoranthene (BkF) 35 375 9.3 104 505 320 3030
Benzo[a]pyrene (BaP) 3.1 40.4 16.9 20.9 1368 160 1400
Indeno[1,2,3-c,d]pyrene (IP) 6.7 43.3 111 18.6 1061 160 1230
Dibenz[a,h]anthracene (DA)  12.2 4.9 0.6 2.4 100 40 260
Benzo[g,h,i]perylene (BP) 5.9 120.6 16.5 26.1 822 150 1280
YLPAH 14.6 78.4 122.5 71.7 11632
>HPAH 63.3 609.9 306.2 243.6 12731
>PAH 77.9 688.3 428.7 315.3 24363

1 &R S ipthe » 85 g 2 % 41702 (10114 > 3§ 2 F % 1000116349 54 37 )2 % v F &L &

EE TR NN ST

i

-
Pt
T
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BEIFAPRBERACHUTREFRBAR D BB RTE

100000
10000 F
H
91000-
[=)]
=
I
100 |
&
-
10 }
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W4.14 Rk XPAHA i#

>1 %% %k (pyrolytic)
1 _________________________
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L 08 }
&
T
2 06 |
T
3
= 04
0-2 ] I
0 1 . 1 1 1
E1 LR CR JR SR

B3k
W 4.15 & & LPAH/HPAH & & H [LPAH/HPAH >1 %% % & (pyrolytic) ;

LPAH/HPAH <1k i % ik (petrogenic)
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Ak

(2) PAE

# 438 S pl kAR ¢ 10faPAESE & A (v cELp =k &R B F 4F4PAER R
® > # ¢ uDEHP:)k & 156 ng/g dry wt. # B o LR2 CRip|#k & & 1048 PAE ¥ 3 i
kR 2 ¢ DEHPZ2 DINP & 1 & £+ 48> &3 %) iEXPAE92.9% (LR) % 93.2% -
JRiP| =k & i Pl (@ THAPAE A& » F # /DEHPZ DINP 5 i & 448 » & 3+ 4 (5ZPAE
1198.1% o SRip| =k & ik & 7 DIDP#t » H3:9fPAEY 7 B kR > Itk DEHP 2
DINP 5 1 & 48 » &3+ %) (LXPAE98.4% - % Bl &KL ZPAEE & 4 it 4r-§]4.16
#r5t o LRiB) 2k eRZPAEE & (118,010 ng/g dry wt.)p &8 2 o pl=b3F 5 » 5 4
LR ~JR% SRi3-4%  sp ™t Ak S Fdp e » & =k & & 2 DEP ~ DnBP %2 BBP
R W MY KRR S dp & B2 T *UiE (DEP : 1260 ~ DnBP : 22000 2 BBP :
22000ng/kg dry wt.) (B14.17~§14.19) > {& & |2 DEHPE & *% 7 ELipsk et > H 4
 BF v plsk2. RADEPHE &R ¥ % >t 21970 ng/kg dry wt. » H ¢ LRip|#E 2
DEHP;k 7 42,109 ng/kg dry wt. = 4z ) + *2 519700 ng/kg dry wt. (814.20) ° i J53F
§ o v R & BT 4 PPAESHE B B9 42201~ 100,000 nglgz B AR
®® v &k (36331 ~ 118,010 ng/g) PAESE Bl % tp i3 -

PAE %] (fPVC % erasy 1 & » {2 7§ 44 % %“@LIFIL;}AW TSN ECIE R
T HE ?,}wﬁ;ﬁ’g BH M2 A0 E o NBEs (TE A AR MR E S FR
B>t b Fl N & e 3 4 T (endocrine disrupter substance, EDS)» A& AL 5 T H
»’am*ﬁ%%T’?ﬁgm%4%W§‘\#m*wémfﬁﬁﬁﬁﬁ’
wah A A TR o DEHPA-K Y ei3 f2R # % (249x10° mg/L) » fe % 37
RN ARM R A > b R A RE B k5 4 4 (aerosol) & A m A a b
AT AN o A B A48 BN 990% T S AR A K T R G Y £ p &
FHRPEETESD FF AP EALS G AR EETARERR F &7 A
f2 o # 4 #72 LC50% 0.16mg/l/96H, -k # & # {264~ 2 EC50 % 0.16mg/I/48H -

=
P
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%43 KIFPAEZ AP& 7% %

PAE (ng/g dw) El LR CR JR SR —Taglrmag!
Dimethyl Phthalate (DMP) 28.2 9.7 8.2 21.7 22.1 - -
Diethyl Phthalate (DEP) 115 55.2 19.5 14.8 21.3 1260 22000

Di-isobutyl Phthalate (DiBP) ND 34.6 13.4 23.7 27.4 - -
Di-n-butyl Phthalate (DnBP) ND 96.5 515 73.2 164 22000 160000
Dihexyl Phthalate (DHP) ND 11.0 12.1 ND 5.3 - -
Benzyl Butyl Phthalate (BBP) ND 19.2 34.5 ND 9.3 22000 300000
Di-(2-ethyl hexyl) phthalate (DEHP) 153 42109 14647 10604 9616 1970 19700
Di-n-octyl Phthalate (DNOP)  76.3 327 340 377 404 - -
Di-isononyl Phthalate (DINP)  ND 67496 19191 16494 30182 - -
Di-isodecyl Phthalate (DiDP)  ND 7852 1995 ND ND - -
>PAE 268 118,010 36,311 27,614 40,451 - -

AP (ng/g dw)

4-nonylphenol (NP) 326 5490 38275 84319 1722 - -
4-t-octylphenol (OP) ND 1417 827 119 155 - -
TAP 33 6,007 38358 84,438 1,877 - -

1. &Rk r‘;«?‘r#ﬂ 12 ln\iiif%: WE H kU2 (10114 > % 2 3 % 1000116349 524 37 2)2 % v 5 Kk &
Fafhomn 2 21 7.
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(3) AP

# 435005 Biplsk KR R 5 4-NP 2 4-t-OP JE & A i < 4-NP 2 4-t-OP jk
R A w43t 32,6 ~84,319 ng/g dw 2 ND ~ 1417 ng/g dw 2 f¥ - % 2.3 e 4% 4 4-NP
2 A-t-OP T 3ok i & i W& w (B 421 2 @ 4.22) > 7 v 'ig e fi ¥ 4-NP 2
At-OP LR P B#E » £ H ¥ IR h4-NP 2 LR 1 4-t-OP kA & % > A A 1l 4
84,319 ng/gdw % 1417 ng/gdw> st %%k + JR 2 LR/7 " & 31 & 5 41 » ko
JRPIzEERE 2 4-NP T30 § X528 W = i@ v #0~17 & ;LR &Kk 4-t-OP 7 &
HLEBEW 2P ag2~501 « RET4EFE EFRL LA i%\};i A &
B2 e g5 R[6-7] o B2 \swﬁﬁ&%a%“ﬁﬁlbﬁw — R
oo R S J\ﬁ%}" PO K R IR S R 0 @ R R R P E .{L,fn ; 2R
Moo RIRE R FoRIFE WP RIAR R R R Fl R AT R e o § i
(by-passing) o F]gt > = & 4-NP i@ it @ﬁ;]‘ BRI o d RRE
L@v 2 4-NP 2 4-1-OP z_ &2 w7+ > 4-NP 2 4-t-OP d /@ "3 » (S 3k e )
BT e AR 0 45 2 0 4NP 2 A-t-OP MRS B 1B AR B IR
B E B~ -

FRARET € £ PAH PAE 2 AP %5 44 e 47 7 # L EL 4 b
j‘*’“’FKiTF BRI 2T RB LGt ad v BR T BRI K
A e e G AFH > 77 JA AT 7GR T ERE A AT B de T o
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3. 2 F & AT

UARBER L AR TR A A RIS  F PR B 5B 4237
BIRAPEOT S F BB EL AR R R B AR 10 X 18 > B LRl e
Foh BEF G F o AP S R v s T S 0 2 s 10 X B0 At KR
BERE IR 2R 2 IR R ATIL LA R R A 10 X (8 v G 70~80%:F % I SR
Feo 25 10 R hF BRFE DR AT AE S S oy TR HF R
VEAP A RS RES R DL EAGEF R -

AT RERRA P APBRRATT o KTFRAR? SRS THARE S
s d o R EFEEF LM TR d R it e d £ % PAHs b
B RGR A 0 R SR EL PR #REES AR Al
BB AT - RSP G o 4ok ~ 5858 DA CR; 4~ 4F ~ 4%
4B LA SR &raF Mt IR B n BAS A F M RS B A i
BH A= B R B PR

Flt AP ERI AR A R RS R G R g B RG-S
B A4 E A I R Seh R R o

100.00

E0.00
E0.0D
40.00
0.00
0.00

W 423 BEMHERBFRARLT 10X 52 HEF
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4. o B A P NMR b 3#

AR R BITRE 10 R 18 BERE ORI > R EF A o
T4 %+-20°C 950% ® fg 4= R B~ 4 polar metabolites - 1+ 500mHz ;% iz NMR 2|
ﬁﬂ1H%#,d?@ﬁ%ﬂ%ﬁﬁﬁﬁ@%ﬁ&%ﬁﬁ%ﬁMQ’éBﬁﬁm
(visual inspection)f 3t L 47 PHRBEF I X3 PEOLIRE - AP FHRE
BEAMHIF R RN RS £ 35 Ao iyt 3B ErHF P R
PLS-DA » L2 K5 & BT 7 Paﬁﬂ‘bm}%,ﬁ A B AN AR ORBE > @
e B F SR PFRFHRABP s s 2 7 £ PLS-DA £ 4~ =5 #:(EL LR,
CR)% (JR, SR)(m®] 4.25) - 41 * VIP plot if;';:a ey ';a“};)cmxk W oo A
# VIP>0.9 ecnit it » £ 73] 24 B 2 Frd (% 4.4)> ¢ & glutathione, homocystine,
isocaproate, isoleucine, leucine, levulinate, lysine, methylmalonate, methylsuccinate,
N-acetylglutamate, N-acetyltyrosine, ornithine, oxalacetate, pimelate, proline,
propionate, suberate, theophylline, threonine, trimethylamine N-oxide, tryptophan,
valerate, valine, valproate - @ iHut (2t 5 8 12— 27 ANOVA 4 7 » & ff gL fF
By HFALR

|
{ N (l
i ——s LVM”"*"“J 40 —_ ——Jv. = _.JL\

B 4.24 =2 &3 A3 'HNMR k3%
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-10

El

+ JR

-3

-20

R2X(1] = 0.50358

1]

R2X([2] = 0.208965 Ellipse: Hotelling T2 (0.93)

W 4.25 = &3t #F PLS-DA & 45




Ak

% 4.4 “¥P 2 e VIPscore 3 & g0 AOU

AUC (ROC analysis)

VIP score LR CR JR SR

Glutathione 0.95 0.72 0.76 0 0.06
Homocystine 0.96 0.53 0.65 1 1
Isocaproate 0.97 0.44 0.51 1 0.97
Isoleucine 0.90 0.35 0.38 0 0.07
Leucine 0.92 034 041 0 0.07
Levulinate 0.97 0.63 0.67 1 0.97
Lysine 0.97 0.48  0.33 0 0.02
Methylmalonate 1.40 0.49 0.6 0.8 0.93
Methylsuccinate 0.96 037 0.7 1 1
N-Acetylglutamate 0.93 0.35 0.58 1 1
N-Acetyltyrosine 0.97 0.62 0.43 0 0
Ornithine 0.96 0.35 0.39 0 0.07
Oxalacetate 2.03 0.49 0.6 1 1
Pimelate 0.96 0.42  0.58 1 0.98
Proline 0.98 0.34  0.38 1 1
Propionate 0.96 0.57 0.9 1 1
Suberate 0.96 0.42 0.6 1 0.98
Theophylline 0.96 0.53 0.4 1 0.94
Threonine 0.96 0.58 0.55 1 0.96
Trimethylamine 0.45 (.63 1 1
N-oxide 0.96

Tryptophan 0.96 0.52 0.56 1 0.99
Valerate 0.96 0.44  0.58 1 0.98
Valine 0.98 0.53 0.64 1 1
Valproate 0.98 0.5 0.52 1 0.95
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BOORREE RSP A2 p Rt R E DR - 22 g A0 f1* ROC
curve £ * chd 5 () 4.26-29) > B] 4.26 5 E1 vs LR s ROC w 4 > o 2% i &F:E )
B 4 F ke > Vg I AUC —‘ISK F EF>0.9 gk B > LT 4 EE g g &
H T a6 %A~ ELfr LR 02 k30 B 4.28 e EL1 vs CR e/ % % 103t E1 vs
LR *£ 7 3@t propionate # - H 4Ry @A F T U E 24 $ fRe o sesitivity
specificity - m iz~ f2f 2 ® PLS-DA ¢ >E1-LR 2 CRERXRF ¥ A ¥ > &7
HER NS A AN F LR o F1429 5 E1 vs JR- 7 3 MARECT EL > § 3%
Ty S IREFLND FfRe > Pt 3iF i AUC=L &1 & - e R AR AP

o

2
i
=k
w

+
Tk

d 2 ROC ¥ ﬁ"‘mmyﬁj\ JrH & (T4 P ifiehd - R SRR o E
ROC ¥ ﬂil:’? v EL A 4pdle s B BEL S positive direction o 4 wj:tzhfgs 5] ek
P 7 ELfr g e emn oo 4 g R 035 2 f e 0 - - i B ELvs
LR~E1vSCR~E1VvSJR~E1vsSR > d pt v -85 BigE 4 ik cé_ 1ﬂfrﬂ
b BEFoER > 2 ROC & AT g fi(AUC)fTJ@:IB ’ @’“09 B ER
#Z( highly accurate) £ 3 homocystine, isocaproate, levulinate, methylmalonate,
methylsuccinate, N-acetylglutamate, oxalacetate, pimelate, proline, suberate,
theophylline, threonine, trimethylamine N-oxide, tryptophan, valerate, valine,
valproate - i& 4t 4p 3t E1> ¥ 72§ & #5793 JR 4o SR ¢4 $ ki F] 4 & PLS-DA
A7t o LRAr CR &2 43 8L EL H - & 3 > #7004 78 (g "f 7 propionate
T L% A ELVSCR b 5 T35 H i iz i ehd S iR ¥ L o #eg B3 EL ehd
&z 4 * MetaboAnalyst #fELiE 4 47 > & JR 2 SR &:if J1end ke
aminoacyl-tRNA biosynthesis {= valine, leucine and isoleucine biosynthesis # 3 B >
m CR P] % pantothenate and CoA biosynthesis -
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Ak

J$_PLS-DA & # e % » B7 LR 2 CRyc %4 8L - ¥ > ek ~ 45frér
BEANRY CRYPAH{ARLAFINERZDE £ SHROESFT AR
B> JR 2 SR ¥4 /K =8 K e ik < 2t LR ﬂfr CR %% -k B AT B 5K o F) 5
BRALFRAG D 5 AL H A F R I GBI RN R AHE BT
FARR IR BERAF A AL NFTERT R - R RBERGT RIS LR
BAGERET OB E U EEESRELROITHT R RS RS
BRAEHE A R B RRARR K gk o A R L endip o

uﬁﬁﬁ%iﬁgﬁéﬁﬁﬁﬁpﬁé%iﬁ?ﬂﬁlwyﬁﬂ&%%ﬁ&
B (sediment quality) s34 4 72]3#[58,60,62] > & & frk {24 Birsk ! —‘}!;fir‘rj,t
FEE - BF o R R 2 47 [63] - Adam et al. (2009) 41 * iR & h
AR R CHE AR = &8 Gammarus pulex i 7 F A G A hE R B R
propiconazole and tebuconazole (triazoles fung|C|des)4i~Jr G. pulex I @& # |+ »
3-iodo-2-propinyl butyl carbamate (IPBC, fungicide) % cypermethrin (pyrethroid
insecticide) Bl 5 & 1o § 8 & 7 vt blent R B A R B & RRIERE

H 3 M &% &2 cypermethrin 4p % ° % 57 cypermethrin A # B &) ¢ 23 R end (4
PF L& chdd 0@ W 4 0.002% cypermethrin & 2.5-18 i % *t 1 H - P E
BlIRROF o TR PREFMREALFEYREY B E S F B

ARy A IR EF LR Vi € kS HIEH[61] o

BTLRFET LR FERGE FR IO ERMAEIN > A 2tE - 5Lk
g o d BEHT T 2JRE SR REH TS LY 0 A RBEHFE I D
AAHE e HE LR{-CR 3 P EDSZF o P9 A 43 BREEY ¥ 71560
FHSAPRF) T AR HRZIFNPFTSTLRIPEFEI DR A RBE R EEF
& E F TR B 9L % > Watanabe et al. (2015)1] * A3 8 4 447 * P r & & 1o
H Rl 2 AEEAFWMORBF AR BERE DT LAFR[I0] - HF T
B E(Z - B %% g)aps B Dreissena polymorpha » # 2 NMR 4 47 # f ek
By F o @5 PCA A4 ABHF A AL > WF - BHRBEE LT EE 0 A
HEEAIT P HRBE ST 8 FIRE G 26 BaR o3y o a ol A3 B
TR A RRB B FILEE A e o B N BHE F AR R ARG L0 *
FEXAF AR ERBRERS A TOREE B AFD AHE R
P A ke FRNFAFMIcRY WS N I PR RS PO TR
0 AR A RURE RIS AU L FS 0 v R A FARIEE Sk
PR P EEFIG AR 0 A R EFER N RN 2 E mpEaR e
P AR Y o {72 ) TExposomey ( @A)t s 0 2 2R
BRp2EFH(XEELL)INL GERTRFDORERE > RS UK ETRED
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BEIFAPRRFEBRCHUFLEFRIRLBARLLLER 4T

BRBEFFHAGEE R AR BFTL2] A AP o e FEHHE S 2k
FRA Ak s

M IR B T+ 4#amm4#ﬁﬂ_’wﬁﬁmm4#ﬁﬁ&ﬁﬁi#§
Foo AT E@%‘?E'J ¢ 7247 % 0 ¢ 5 #gc(avoidance) ~ 7 #= (locomotion)
& (burrowing) ~ #& = (feeding) 2 # 7 (reproduction) [74] o @ f* &+ B & > & 3%
é%?ﬁ“@é@j’#ﬁﬁ’l%ﬁd”ﬁ |+ 4 Fev ’F*z\Iﬁaj»élF*:}‘ﬂ%g%ﬁ“ TR B FF
ﬁ’$”4%WP*%“’iF% BB ENE P TR HEFR R A
JFmPf’UwM@mmmm#¥i$m4#%ﬂ Ay HRp it e
# I o 4o lysosome s IR0 B § 1T A E X DIVHER 05 A[75] 0 A R
s R - Y FRFS AN L P Re ky FRE DR B T
+ o F oy TR GRS IR[76] c Tl A e F ARl BRHE EHE
4F ~ &~ 452 F 1875 4 4 Carbaryl ~ Diazinon ~ Benzo(a)pyrene ~ Chlorpyrifos % #
Bend il gt 4 e £ 7 AChE -~ MROD ~ NADH Red ~ NADPH Red -~
Catalase ~ GR ~ GST ~ LP and LPI ~ ChE ~ Total GSH ~ % GSSG ~ NRR assay % 4r
T%4ﬂ?ﬁ%%:ﬁ®oaﬁ&%uﬂéﬁﬂﬁﬁﬁ@%’Bmmmm(%M)
F1* NMR 314848 8 = 2 3 #££344r 431 Aporrectodea caliginosa & 3#~ & >
PLS-DA 7= ¥ 11 #-% Jr Spféiﬁri%l% WA P AW RS AT 0 T R R

BT L R > RA D EZREER RS BRET SWIE RS TS BT S
& o[7T] e

s e R AN L Sk R :rfﬁﬁ ¥[57-69] w4t H A4 &
3 cF’”ﬁ‘m??F%-'“fB?ﬁlr?ﬁ’ o s RAFT AR E AR L1 Ak

T - BRI 5 b e K R 4,.?3 R UL AT G g
HEREARRFLE R F LT A -
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%46 HENIREL ERFRERAIET N FEF

Total survival rate (%)

Time intervals of treatment
Copper (ug/l) 0-day 7 days 14 days 21 days 28 days
0.0 100 0.6667 0 0 0
100.0 100 ;w&&§ 0 0 0
300.0 100 : 4.6667 : 0 0 0
500.0 100 | 4.00001 0 0 0
1000.0 100 \_0.0000, 0 0 0

247 HPEN I R E & RHFERRILT N S S 2 F

Cannibalism mortality rate (%)
Time intervals of treatment

Copper (ug/l) 0-day 7 days 14 days 21 days 28 days

0.0 6 400 100 100 100
100.0 0 | 84 | 100 100 100
300.0 0 ! 86 | 94 100 o8
500.0 0 | 72 70 7933333 84.66667
1000.0 o 7266667, 7333333 79 78.66667
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248 HEHEN A FE S RHERAILT 2L TR S A a2 &

Non-cannibalism mortality rate (%)

Time intervals of treatment

Copper (ug/l) 0-day 7 days 14 days 21 days 28 days

0.0 I i 0 0 0
100.0 0 : 5.333333 : 0 0 0
300.0 0 159.333333 | 6 0 2
500.0 0 : 24 : 30 20.66667 15.33333
1000.0 0 12733333, 26.66667 21 2133333
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Figure 1. Exposure to water-borne Cu over 96 hours (A and B) and copper-spiked sediments over 28-days (C and D): showing
variation of copper content in hepatopancreas whole-mounts from Gammarus locusta intermoult males. Copper-containing granules—

CuCG (arrow) were stained with dithiooxamide (rubeanic acid). (A

) Control—a few small copper granules (B) Animal exposed to

10 pug Cu L= ! showing a denser population of granules. \Ilrmgraph_ in the top left corner, showing an overview of the mid-region of

the hepatopancreas displaying CuCG inlongitudinal lines. (C) Control—hepatopancreas exhibiting few CuC(

5. (D) Animal

exposed to 3mg Cukg ' dry wt. A dense population of CuCG. Arrows, CuCG in the epithelium of the hepatopancreas; V, Vacuoles;
P! g g Y POop! P patop:

BL, Basal lamina.
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Ammonta conc. (mg.LY) pH Temperature (°C) Unionized conc. (mg. L) Mortality (%)
bl 730768 243262 - 0101
R 7 617.88) (A 20 055 025
2 518D BaTIaN 1039 15
= A ol o 1536
100 aAZT3 AR 5 (40.160)
240 (7.372?’?62) qzs?glg_n R o
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Species Habitat® Metal Method® Time End Temp. Sal. Results Ref.
point®  (*C) (%0)

Allorchestes  SW  Cd,Zn  WAT, 96-120h S 16.8- 345  120h Cd LCso= 0.2-4 ppm; 96h Zn LCgo= 058 ppm; 18
compressa ST 20.5 this amphipod was maore sensitive than

crab, shrimp, mollusc and worm.
Allorchestes SW Se WAT, 96h S 18 348 1Cy=4.77 and 6.17 ppm from two different 30
compressa CF 353 areas, juveniles were more sensitive than adults.
Allorchestes SwW Cu WAT, 96H S 20 3221 LWCg values for juvendes and adults were 0.11 31
compressa ST and 0.50 ppm, respectively,
Allorchestes SW  In,Cd, WAT, 96h S 20320. 34.120. Cuwas 1.6 times more toxic than Cd and 4 times 32
COmpressa Cu CF 8 7 more toxic than Zn, the taxicity of a combination

of two and three metals i5 different from that of

individual metals
Allorchestes SW Cd, Cr, WAT, 4wk SG 1921  31x1  Cu was the most toxic metal; the sublethal 33
compressa Cy, Zn CF effects of the four metals appear to be in similar

proportion to their lethal effects.
Chelura SW Cd WAT,ST 96h S 195 35  96h LCSO = 0.63 ppm; 7day LCe, = 0.2 ppm. 34
terebeans ST 7 day
Austrochiltonsa  FW Cd WAT.ST 96h S 1521 96h LCs = 0.04 ppm. 35
subtenuis ST
Crangonyx FW  Cd, Cu, Cr WAT, 48n S 13 48h LCs; values were 34.6, 2.4, 2.2, 43.8, 14
pseudogracilis Pb, Hg, ST 720 0.47, 3618, 252, 72 and 121 ppm; 96h LCs

Mo, Ni, 96h swere 1.7, 1.3, 0.42, 27.6, 0.001, 2623, 66
Sn, Zn {72h), 50 and 19.8 ppm in order listed,
Corophium IN () WAT, 96h S 195 35  96h LCy =1.27 ppm: 7day LCe, = 0.51 ppm. 34
insidiosum ST 7 days
Corophium IN  As.Cd.Cr, AT, 96h- S.A  19+1 96h LCsy s were 1.1, 068, 11, 0.6, >5, 0.02 36
Insidiosum CuPb.Hg, ST 20 days and 1.9 ppm in order listed.
Zn

Eohaustorius IN Cd WAT, 4ddays 5 30 4-day LCeps were 41,9, 36.1 and 14.5 ppm 37
estuarius SED {in water) for animals held in the laboratory

for 11, 17 and 121 days, respactively.
Elasmopus C Cd \WAT, 96h S 195 35 96h LCsy = 0.57 ppm and 7day LCsp = 34
bampo ST 7 days 0.2 ppm.
Elasmopus C  AsCdCr, WAT,  96h- S.A 1921 96h LCg, 5 were 2.75, 0.9, 3.4, 0.25, 36
bampo CuPbHg, ST  20days >10, 0.02. and 12.5 ppm in order listed,

Zn
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AO02HU X RABTFREBN I L LB ER%(22)[84]

Speces Habitat® Metal Method® Time End Temp. Sal.  Results Ref.
paint  (°C) (%)
Hyallella W WAT,  12-120h S Free Pp concentration reflects Pb's biochemacal 38
arteca ST activity better than total Pb; the highest
mortality rates are assoaated with the highest
free Pb concentrations.
Gammarus pulex FW WAT, 96h S 15 LCsp value was 0.02 ppm. 39
ST
Gammarus pulex W WAT, 2496n S.A 15 LCsp values at 24,48,72 and 96h were 17
ST 02,0.17,0.12 and 0.1 ppm.
Gammarus FW WAT, 96h- S.A 15 Pb was toxic and caused more than 40
pseudolimnasus CF 28 days 509 mortality at 136 ppb and above after
96h; 28-day Llsy = 28.4 ppb and 96h
LCqy = 124 pob.
Grandidierella IN WAT, 96h S 19.5 35  96h LCg0 = 1.17 ppm and 7day 34
Jjapaonica ST 7 days LCey = 0.5 ppm.
Rhepoxynius IN WAT, 96h S 195 35  96h LG = 0.24 ppm. 34
abronius ST

2 IN= infaunal, SW= seawater, FW= freshwater, C= cultured animals
® WAT= water, SED= sediment, ST= static system, CF= continuous-flow system
¢ §= survival, G= growth, A= accumulation
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Cu Zn Pb
Temperatures LCsp (95% FL) LCsp (95% FL) LCsp (95% FL)
15°C 0.080 (0.076-0.087) 12.1 (10.2-15.1) 23.2 (20.3-25.8)
20°C 0.041 (0.035-0.048) 9.3 (8.59.7) 16.1 (13.6-18.4)
25°C 0.028 (0.024-0.034) 5.2 (4.8-6.3) 11.2 (9.7-12.8)

254 BEFRBEWELLHHE N6 | FLE KR8]

Species 96-h LC50 (mg.L1) Reference

Ampelisca abdita 29 USEPA (2001a)

s . . 117 USEPA (2001b)
Grandidierella japonica 147 Lee et al.. (2005a)
Eohaustorius estuarius 24 ASTM (2006)
Leptocheirus plumolatus 0.36 USEPA (2001a)

053 Kohn et al., (1994)
Repoxynius abronius 0.76 DeWitt et al., (1989)
075 11 ASTM (2006)

Monocorophium achersicum 0.7-14 Lee et al., (2005b)
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