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Abstract

BACKGROUND: This study was initiated to quantitatively
evaluate the effects of five heavy metals on the growth and
P removal efficiencies of Alcaligenes sp., known as the
Phosphorus Accumulating Organisms (PAOs). It was
cultivated in the batch system with five heavy metals, such
as Cd, Cu, Zn, Pb and Ni, added in single and binary
mixtures, respectively.

METHODS AND RESULTS: ICsy (half of inhibition
concentration of bacterial growth) and ECsy (half of
effective concentration of phosphorus removal Efficiencies)
were used to quantitatively evaluate the effects of heavy
metals on the growth and phosphorus removal Efficiencies
of Alcaligenes sp. In addition, Additive Index Value
(A.L.V.) method was used to evaluate the interactive effects
between Alcaligenes sp. and heavy metals. As a result, as
the five heavy metals were singly added to Alcaligenes sp.,
the greatest inhibitory effects on the growth and P removal
efficiencies of each bacteria was observed in the cadmium
(Cd). In the binary mixture treatments of heavy metals, the
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treatments of lowest 1Cso and ECsy were the Cd + Cu
treatment. Based on the ICsp and ECs of the binary mixtures
of heavy metals treatments, most interactive effects
between the heavy metals were found to be antagonistic.
CONCLUSION: Based on the results obtained from this
study, it appears that they could provide the basic
information about the toxic effects of the respective
treatments of single and binary mixtures of heavy metals on
the growth and P removal efficiencies of Alcaligenes sp.
through further study about the characterization of
functional proteins involved in toxic effects of heavy
metals.

Key wonds: Alcaligenes sp., Binary Mixture, ECsy, Heavy
Metals, ICsg
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At felsteke 243 A4S
% glojof gtk Aael Qe BT Haakse] ool A
F vt Anag v
AR

(Correll 1998). Ftoll= %ﬁioﬂ“xﬂﬂ A2bgk o]frE o

Q5o wet 22k @ 9E A WIATIA s A=A W
W& o] &gk Q1 AAel tist At Ehks] FgEa glrk

e QL AA F4L AE dlel s ] FEl=
e e ARE 4 e Aow I AW FAF
(Phosphorus Accumulating Organisms, PAOs)(Sedlak,
1991; Zuthi et al, 2008)°l ¥7] 213} 37|72 71S wAlA|
Ao=EM 19 T (Luxury uptake)E fato] #H¢
% AZ AAsk= WHoltHLevin and Sharpiro, 1965;
Khoshmanesh et al, 2002). A, Q1 AAE Sl& AAr€
W F 7P de] AR gleE 292 Comeau-Wentzel
R d(Comeau ef al, 1987; Wentzel, 1989)Z} Mino * 2
(Mino et al, 1998)°]t}. §E§}7§| Q1 AA thgh A=
G mAES o] &% E&ERL < AATE ThsE AHER ¥
g T, V1% 349 %Xé W HskE Fe 39 H4
stof| thst A7 F5 o]F 1L QI3 Barnard, 1973). 1
A e mEs Ol%f& kst AlgIzE od
T2 Azl g3E Al @l AL b oA 2
ddo] GdEAR TAske A9 A9 A oiiE T
%, 7% 5% I SFHow EAE] Wil 72 &
2 AA et A= SHAE ks ®avk itk
58], 7h=g, T, ofd, o, UA & E¥eke SEES
A HIESE ARAAle EAlehs divk A=) AYE
Yoz A E4E, o] AFF 9 AREES wHo
Gt wlet 73] FUbekal ItHJung et al, 2004). o]
& FESeo] el mAl= Sl g Ve A=
o EH% o] g4 ﬂoHE ?HE]: Ul 241\47(4 o7z _1217]_01.?4
Sas S tig A= vdES o8t
F24 9948 A VlaARe 949 5 ok A

1o rlo -

H}
=

Ao K (Yilmas, 2003), S5O RE Qg 09 Tl %
w50l opd oY T Fu5 ] gt A7 i

o|™(An et al, 2004; Kong, 2013), ©]] thst o= —‘f‘%‘
ot AAolt}. olelgt SIS SHEab] HlEl Htelle T S
o]e] Fmsol A dojuks Al dist A7t X138y

1 tHLiu et al, 2007; Xu et al, 2011). ©] } rAke
ATEH oY FekEolv AUIEEE Y £l g%t =
Aol AN synergistic effect) T HFay}
(antagonistic effect)E WAl gt A7 331
CHLister ef al, 2011; Hernandez et al, 2013). =v4% 7t
gl digh Aves gl £ SE50 As
(Horvat et al, 2007)°]4+ ©]3|5+(Phillips and Hickey,
2010)°ll #H-g-at3le W vA= of%ﬂ wE o, TEE
= "E Z“l/\] *% 78l gk A= Tk Aotk

uhEbA = 5 FHdhs v9s 7R vAE

O

(Phosphate Accumulatlng rganisms, PAOs)®Z %27l

Alcaligenes sp.°| 57} $5%%5(Cd, Cu, Zn, Pb, Zn)
= 99, 2% AP A vAEe] A Y A AlA mAE o
s vl oA TEgse] A A7 e At
1 AA M= e &K synergistic effect) = ATE
Hantagonistic effect) &¥}ol] A5t A5 FHsh= As
BHo7 gk

R

nld= Bt
2 Al ARE vES el ek
AE](Korean Collection for Type Cultures, KCTC)ol|4]
- Alcaligenes sp. KCTC 12036 ©]t}. v wjok
of AR&¥ WA= basic medium solution, phosphate
solution 1000 mg.L", 1 M tris buffer solution (pH
7.0£0.2), trace metal solution (D.W. Hy 100 mLe]
H3BOs; 0.03 g, CuSOs5H,O 0.1 g, ZnSO,7H0 0.2 g,
MnSOsH;O 0.2 g, Na;Mos2H,0 0.04 g &3H), glucose
solution 200,000 mgL'& 2723 &gt Azt
(Zafiri et al, 1999). WA= 100mL ZHEEkAF o] 50 mL
7b S5 S9iaL, AguiHel HFEEs 7o) 2w
2% (v/v)E AABHES o] HjekE AAsklth 27] A &
%5 20 mg/L 0% XA HiujAelA 30C, 150 rpm
%719] shaking incubator®lA] 24 A7t AAISHITE 152
GskE flsto] A Al# 35 AA5E LBHiAI ok AEuiA =
olg-ato] Aehuike A8k
a5 A2
Ao AL AguiHel] #5E A2lskA] ¢k blank,
iAol Rt A2 iz, 94 9 2% FuSe TEE
U 00 TR AR S5 AdTE Sigieh Al
AME SE5 E¥F892 Cd standard solution, Cu

Table 1. Treatments of single heavy metals and concentrations

Heavy metal treatments Concentration (mg/L)

Cadmium (Cd)
Copper (Cu)

0, 02, 04, 0.6, 1.0
0, 4,8, 12, 20

Zinc (Zn) 0,369 15
Lead (Pb) 0, 4,8, 12, 20
Nickel (Ni) 0, 6, 12, 18, 30
Cd + Cu 0, 4.2, 84, 12.6, 21
Cd + Zn 0, 3.2, 64, 9.6, 16
Cd + Pb 0, 42, 84, 12.6, 21
Cd + Ni 0, 6.2, 124, 18.6, 31
Cu + Zn 0,7, 14, 21, 35
Cu + Db 0, 8, 16, 24, 40
Cu + Ni 0, 10, 20, 30, 50
Zn + Pb 0,7 14, 21, 35
Zn + Ni 0,9, 18, 27, 45

Pb + Ni 0, 10, 20, 30, 50
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standard solution, Zn standard solution, Pb standard
solution, Ni standard solution (1,000mg/kg, Kanto
chemical Co., Japan)2 A8t oW, 23t T4 A

Fa Table 1 7 &t AuiA|e] £84 2F So52
Gl T A Al ke gt U SiSiTk Table 1

= A=
FEE 945 059 $oR Wi

1o

2| Ms: EF F oMol M

AE el o] ST 542 w57 23 w9
Optical Density (OD) & ©o]&3}o] 2488tk OD 54
S SJgt okl Ht syringe & ©]45to] AF AL A
F3 AlE= 33535 A (Model UV Mini 1240 Shimadzu,
Kyoto, Japan)E ©]8-319 600 nm 2] gl 3 A]zhvjc}
13] F4=E Sstlon, #ix] Ul ¥ Q1 $%+ ascorbic
acidel &3k =Bl S wigste] SASISItHKim,
2012). 33 EA(Model UV Mini 1240 Shimadzu,
Kyoto, Japan)E ©]-&3to] 880 nme] oA FFEE 5
dskglon, 271 9 HE R0 H|nE T8 9 n|AAE

92 s APt 7 QA aES vl BAEIT

ICso X ECs0 =8

k= A% A3l 5% (half of inhibition concentration
of bacterial growth, ICs) % W= Q1 A A && A3 5%
(half of effective concentration of phosphorus removal
efficiencies, ECs0) 2] At 4% #holl A= 15 FHsh
e AR HA4 Ay g0l o Uehks A9 31714
= olgslth HEAARS ]l IC0E F4381] #13 Log
gamma w3 A A3E 319 At A4kl
(Asami et al, 1996), ECso& sy Aol mhE Q1 A|A7}
iz Aule] s AHoR F4EtHChen ef al,
1997).

=5 2 usHE Yot

TuE TG A A, TS & 135S Gels] 9
#] additive toxicity index method(Marking and
Mauck, 1975)% ©|&3}9ith Additive toxicity index
method= 71749 F81249] ICs B ECso 17 S9HS
& Wl ICs Bl ECso k= 73l ol 85t &g=de
ol et 247 shelade] VM RE rishs Wiew

A ofefst Lo,

5. %4 wge & 3

Am : Z3 A Y= A 249] 1Cs

Bm : =3 Al el B 249 ICs

Ai R EAE o YJehs A £49] 1Cs
Bi : W% EAE A vehts B =49 ICs

L] AellA Axkst SgkE ol gato] 288 FuE A
AAAE Al(Additive Index value)#s 71502 st H
7Fek = Qlvk S Fhol 1 Bk 25 7%, AL ARk 1/5-1.0
o7, § gl 184 & A, -S+1.0, S #ol 19 B¢
S1(=0) o= AXEITE Algk AXFA 7L 08T A9 S
1F 52 7528 (synergistic interaction), 05T} 2O
74 54 -E(antagonistic interaction) ©.E, Al#ke] 0

S A7 A5 2-8(additive interaction) 0.2 kst
4= 9)tHLange and Thomulka, 1997).

i

A1)

A3 A¥e] FAREAL- SAS software package version

—+—No heawy metal
-=-Cd 0.2 mg/L
Cd 0.4 mg/L
—Cd 0.6 mg/L
——Cd 1.0 mg/L

0 5 10 15 20 25 20
Time(Hr)

—— No heawy metal
——Cu 4 mg/l

Cu & ma/l
——Cu 12 mg/L
——Cu 20 mg/L

0 5 10 15 20 25 20
Time(Hr)

—e—No heavy metal
—=—7n 3 mg/L

Zn 6 ma/L
——Zn 9 mg/L
——Zn 15 mg/L

o] 5 10 15 20 25 20
Time(Hr)

—+—No heavy metal
—=-Pb 4 mg/L

Pb 8 mag/sL
——Pb 12 mg/L
——Pb 20 mg/l

%o ] 10 15 20 25 30
Time(Hr)

—+—MNo heavwy metal
—=—Ni 6 mg/L

Ni 12 mg/L
——HNi 18 mg/L
——Ni 30 mg/L

Q 5 10 1s 20 25 20
Time(Hr)

Fig. 1. Growth of Alcaligenes sp. in medium containing
single heavy metal; (a) Cd, (b) Cu, (c) Zn, (d) Pb and (e)
Ni. Error bar means standard error (n=3).
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Table 2. ICs of Alcaligenes sp. with single heavy metal
treatments

Table 3. ECsy of Alcaligenes sp. with single heavy metal
treatments

Heavy metal treatments IG5 (mg/L)

Heavy metal treatments ECs0 (mg/L)

Cadmium (Cd) 0.38+0.03d
Copper (Cu) 16.43+1.11a
Zinc (Zn) 12.17+0.60c
Lead (Pb) 11.68+0.69¢
Nickel (Ni) 15.35+0.61b

Cadmium (Cd) 0.31+0.02¢
Copper (Cu) 10.37+0.52b
Zinc (Zn) 5.57+0.28d
Lead (Pb) 6.74+0.34c
Nickel (Ni) 12.04+0.60a
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Fig. 2. Removal efficiencies of P by Alcaligenes sp. in
relation to single heavy metals concentrations. Error bar
means standard error (21=3).

9.1 (SAS Institute, Cary, North Carolina, USA)E o]
ato] AAsksinh. AR ol lolE: ZAksl] 23
ANOVA(analysis of variance) 213 Tukey’s HSD
(honest significant difference) testE A8t 01, Al
TR 95% o R ARSIt Re A 3Rk AAH
ATk
ot ¥ o
CIRIZSFE XME2|
Alcaligenes sp.°ll t$t & S55 A2lo] o Asja
g FRIsE] S8l ZF nAEe] MEdt 5 1 s
o 8 A, 1Cs, 1 AAE, ECsos S5kt A%
o] A, Ags FEEH R TS nAE
ODs #©] st A4S Hole 28 A8 & 9l
CHFig. 1). #¢ $5% A2l 8 Ag=AS ol et o=
& Zg)7o] W #5-9] Growth Inhibition (GI, %)= 7|
Abalglom, Avh s AT BAsle] T2 A Al &
o] Ao] Aito] B 58l ICx (mgL’) o sidshs
w4t Alcaigenes sp.oll thet T=42] A
s atel] oisl okt Ax, t=F AT GI (%)= 22
40.7%, 57.4%, 62.4%, 87.6% °|1, T2 AT ¥ GI
(%)= 1.9%, 2.2%, 26.8%, 67.4% oW, o} 4<%, GI
(%)= 17.3%, 18.6%, 26.9%, 65.0% ©I3{th. & g oA
GI (%) 23.7%, 44.8%, 44.6%, 64.5% FoH, Uz A2
T GI (%)= 3.4%, 30.1%, 58.2%, 95.0% ATl F=42

Trel daglo]l BE ATl a4 st S
= A= Al wA= Aat Tk s 8kl
& A TEEHY AANEHE oldst] 4 T
Aol o ICs 0l sk s%2F F43ler, o1 A7
i Table 2 ¢} 2t} ICs°l B8z 55 7502 T+
& AFarE nlast Ad, 7ol uist Fa52 A A
89+ Cd>Pb=>Zn>Ni>Cu ¢ o= A3t ol
Cho 5(2004)0] At Fa<el st tid= A3
A H7b AT A F, 7EEFel digk Wdo]
ol u]3) sitks ArAvel FARISITh
Taol w2l AAel nAE JEs ERlsh] fE
z7] 9 sxs HF 2 FEE S ,
ATt ¥ 9 AAES Fig. 2 9 2tk 9 AAEE £3 A
Y3t o5 Fiel WAl F55 AY w5 S
TE fadhe AES Bt o AARES uES A
St dizTrellA 7 Egkom, Al <l AA a8 ol
Tl Fo55 Aol oE A AA Adans Frtst
ick B7F A, SFeE AP Q1 AAEES xRl
13 242} 37.4%, 51.6%, 73.8%, 89.4% 43t 7S gelet
F d9deh g AT gzl vlal ¢l AAE o] 7t
20.3%, 39.1%, 52.6%, 82.1% 431311, ol A&]12] 7
%, tizrell Blsh ol AAEEC] 36.4%, 54.4%, 76.8%,
92.0% st 2 I 4= ot & A Telxles vz
Tl vlal el AAZLO] 47.1%, 62.4%, 73.8%, 92.4% i
3 S g1 = deH, YA Aelgte gzl vlE
ol AAFEE] 22t 34.6%, 60.6%, 69.7%, 98.3% 743t A
= AT F Ak TS Al BE A AAEEY] A
=z

P

>

2 =1
— o n

2 ob 1
ol

T X

Hho] B= 550 ECsys FH31990M, 1 3= Table 3
I Aoy F2E5 A wE d AA Adads
Cd>Zn>Pb>Cu>Ni 2.2 743t 7218 &g 4= 9ok

=
2FFO A4S AL M9 AN AN He

1= 9
3 Alcaligenes sp. ° A2|gt T55I 1 gkoll uke
T A%, 1Cs0, & AAE 9 ECsosr S 55 &
Al Aol uhg mgE A a3l vlas el TuE
= SdEAR AU Ao 250w AT Ay A
WE A0 P additive index valueE ©]&-3ISiTh 2
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—+—=No heavy metal

—m—Cd+Cu 4.2 mg/L
Cd+Cu 8.4 mg/L

—=—Cd+Cu 12.6 mg/L

0D

—#=Cd+Cu 21 mg/L

o 5 10 15 20 25 30
Time(Hr)
2
1.5 —+—No heavy metal
g =B Cd+Ni 6.2 mg/L
o 1 a—Cd+Ni 124 mg/L
o —<Cd+Ni 186 mg/L
05 —#=Cd+Ni 31 mg/L
0
Q 5 10 15 20 25 30
Time(Hr)
2

(b)

—+—No heavy metal
—m-Cd+Zn 3.2 mg/L

Cd+Zn 6.4 mg/L
—+Cd+Zn 9.6 mg/L
—4-Cd+Zn 16 mg/L

o] 5 10 15 20 25 30
Time(Hn)

—+—No heavy metal
—m—Cd+Pb 4.2 mg/L
Cd+Pb 8.4 mg/L
—<Cd+Pb 126 mg/L
—#—Cd+Pb 21 mg/L

ODggo

o} S 10 15 20 25 30
Time(Hr)

—+—No heavy metal
-8-Cu+Zn 5 mg/L

Cu+Zn 10 mg/L
==Cu+Zn 15 mg/L
—=Cu+Zn 25 mg/L

ODgoo

30

Time(Hr)

Fig. 3. Growth of Alcaligenes sp. in medium containing
binary heavy metals; (a) Cd + Cu, (b) Cd + Zn, (c) Cu +
Zn, (d) Cd+Ni and (e) Cu+Zn. Error bar means standard
error (n=3).

T 94 AYl Al Alcaligenes sp. 2| A T35 A

SUF VS sk AEE Bl vdEe &
Jol #43] Tkl Al&eh= log phasel sk A7t
o] A= ZE 1T F USTHFg. 3-4). 7 Fu5 A
279 Ael srol wE Alcaligenes sp.2) AN =
(Gl %) & AXt ¥, A3 & AP+ A8 2% =
& AP A TE5 E 1Cl ks v2E FYsith
T3t 2%— %T_:L—’—'?—% ?—lL“roﬂ ﬂ%—"lﬁ A Tu5 1t JJ_EXL

J

—+—No heavy metal
~m-Cu+Pb 8 ma/L
—+—CusPb 16 mag/L
—Cu+Pb 24 mg/L
—+—Cu+Pb 40 mg/L

30
Time(Hr)

(g
—+—No heawy metal
—&-Cu+Ni 10 mg/L

ng w—Cu+Ni 20 mg/L
o ——Cu+Ni 30 mg/L
—+=Cu+Ni 50 mg/L
30
2
(h)
15 —— Mo heavy metal
—8—Zn+ Pk 7 mg/l

g N w—Zn+ P 14 mg/L
2 ——Zn+ Pl 21 ML
——Zn+ Pb 35 mgsL

0.5

—=
o — R

Q 5 10 is 20 25 20
Time(Hr)

—+—No heavy metal
—m-Zn +Ni 9 ma/L
Zn+Ni 18 mag/L
——Zn«Ni 27 mg/L
——Zn+Ni 45 mg/L

[s] 5 10 15 20 25 20
Time(Hr)
2 "
1)
1.5 —+—MNo heavy metal
—m—Pb+Ni 10 mg/L
5 “—Pb+Ni 20 mg/l
=1 1 ——Pb+Ni 20 mg/L
o —=—Pb+Ni 50 mg/L
0.5
o
o s 10 1s 20 25 20

Time(Hr)

Fig. 4. Growth of Alcaligenes sp. in medium containing
binary heavy metals; (f) Cu + Pb, (g) Cu + Ni, (h) Zn +
Pb, (i) Zn + Ni and () Pb + Ni. Error bar means standard
error (n=3).

Table 4 9} Zth w52 A% v|A= Aajaxzt 718 4
g AT Cd + Cu H2TE, ICsel ddshs w27t
9.55 mg/L & &I & QIlvh Wi, w5 A Asia
Wb 7P oFst %%é?‘ A2TE Zn + Pb AHETHoH,
ICs°ll dFdh= 57} 27.64 mg/L Q1 & gelsh 5= gl
ok =5 %%L Aol W w5482 additive index
valueE ©]8sto] B715k A3}, 5 a I synergistic effect)
= B¢l Hg]4= Cu + Zn, Cu + Pb, Cu + Ni, Pb + Ni
ATl s geld 5 Ak



Table 4. ICsy and interactions of Alcaligenes sp. with binary heavy metal treatments

Heavy metal treatments IG5 (mg/L) Interaction
Cd + Cu 9.55+0.47h Antagonism
Cd + Zn 13.35+0.65f Antagonism
Cd + Pb 17.75+0.87b Antagonism
Cd + Ni 11.66+0.57g Antagonism
Cu + Zn 14.14+0.69¢ Synergism
Cu + Pb 14.47+0.71de Synergism
Cu + Ni 16.01+0.78c Synergism
Zn + Pb 27.64+1.35a Antagonism
Zn + Ni 14.95+0.73d Antagonism
Pb + Ni 14.28+0.70de Synergism
100 881 5.4 100 51
E 73.9 E 737
= 66.9 702 = o o5
= = 555 60
g &0 6.9 a6 51.7 3 s0
5 0 389 as 43.3 s w© 419 aza 0
g 20.2 225 g 2t 52
E 20 5 20 128 12 78
= 15 = 15
o
T EET TR D ORBDTRET ST ODROT I % % R TS OT BT OB B OB oW om
= £ § £ § E 5 E £ £ E E g E = £ £ £ 5 £ E E E E §F E E E
5 ¥ ¥ 4 A @ 5 8 = % 3 4 ©° £ e N om o5 2 2 2 a2 o 0 3
3 = = L= = = = — — ~ ~ ~ o o o
£ 38 3 g ? oo 'f e~ 5 ? £ f = = i I+ + o+ LI 5 ¥ %
2333833383333 £3 338 °3383%93383s
L= (=]
1007 gg1
=
< 80 69.9
E‘ 622 B63.6
& 80 51 51.3 521
= 40.8 40.3
357
5o
g 262 g4
E 20 129
= 15 21 25 7213
o4

5 2 =2 o o J o a9 9 J 4 9 - 2 o

e

=
=
o

Mo heavy metel
Cu+ Ni 10mg/
Cu + Ni 20mg/
Cu + Ni 30me/
Cu + Ni 50me/|
Zn+Pb 7 mg/
Zn+ Pb 14mg/
Zn+Pb 21mg/
Zn+ Pb 35mg/
Zn+ Hi 9me/
Zn + Ni 18mg,/
Zn+ Ni 27mg/
Zn+ Ni 45mg/
Pb + Ni 10mg /!
Pb + Ni 20mg /|
Pb + Ni 30me /|
Pb + Ni 50mg/!

Fig. 5. Removal efficiencies of P by Alcaligenes sp. in relation to binary heavy metals. Error bar means standard error (7=3).

Table 5. ECs and interactions of Alcaligenes sp. with binary heavy metal treatments

Heavy metal treatments ECsp (mg/L) Interaction
Cd + Cu 6.90+0.27f Antagonism
Cd + Zn 12.29+0.36¢cd Antagonism
Cd + Pb 11.12+0.44de Antagonism
Cd + Ni 10.68+0.32e Antagonism
Cu + Zn 12.04+0.59cd Additive
Cu + Pb 13.14+0.77¢ Antagonism
Cu + Ni 26.41+1.79a Synergism
Zn + Pb 12.28+0.48cd Antagonism
Zn + Ni 12.21+0.36cd Antagonism
Pb + Ni 15.05+0.59b Additive

o, 7A4ze] T4 AT 8 AAES Fig. 5 9 &
AAEES T559] Tl ¥Afle] A
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IR 5 B HREE dadhs 4TS 6y
o =90

o) 5 o
go 5 AaH) B Uz A %
£ A

(e}

gakoitk. Fus A, wsAge dde s
additive index valueE ©]-&-3}3tKTable 5). ECs°ll 3ll'E
ks st 7P W AT Cd + Cu A= glom,
71 E%E 690 mg/L o|3lth vbd, ECs0] 7MY =2 A=
7+ Cu + Ni HEF%, 71 $5& 2641 mg/L It} 5
w4 2 wsAE 7 ¥, Cu + Ni AEe ey
(synergistic effect)s H31°™, Cu + Zn, Pb + Ni *&|
T A7larHadditive effect)E HolE Z& Eeolg
T Ak oy A= 2 T TEE £ AY A T
% 2 A5 AE-E gt A7 (additive) B A e
Z-8{(synergistic interaction) °|2}al HIEHIE Buhl¥}
Hamilton(1997), Tao 5(1999) 9] QA7H.119} Alo]alitt.
ey, 54 Aol &-8-3h bioassay ] methodoll Wt
TR Fdol vhEA vEb = qlom, A Ay o=
& 1t s Ago] A a K antagonistic effect) = UFERE
A7t o B A A SR dntHow At
$31= "AE(E. coli, Vibrio Fischeri)©] obd 9l £45&
Zhe e e WlEel Zow Alsdnh B3
AA HEgo] ARlo] B $EQl ECs0] PIAES] Aol
gto] ¥= FQ) ICsel vl AAA 0w v Fde Kol
= A0Z YEPITHTables 2-5). ©]i= Diamantino 5

0,

o

(2001) ©] Daphnia magna®) lactate 7}w-3ll 4] /3
of ofdo] wA= HA4ol thst A7 A 5 1Cs9k ECs09
SEE Hwe Y Akt

2 o
A 9 FHse e Zow Ui vEel
Alcaligenes sp.2] 47 % Ql FHo Fu&o] vA= d&F

= A¥Aor Hrletaar AAE vdEe] A 2 <l
AA mA= A ads AFA F7HE Al AgAEH A
L8} )1 AANSAR JEE ICs0%t ECsoE o83l %3
391, =25 7 w5 Ag-0] H7EE 98 Additive Index
Value method (A.LV) & o|&slo] Su% 1+ £3ad=
wetsidleh. A3 A9 58 Alcaligenes sp.2] A7 2 <l
AA A= A @yt 7 2 FadS FFER(Cd)l
th wh, iAo s Asjgart ot TEES UANO]
Aok BE 25 A w27 TS vAEY] A%
Il AAES A= AE AT 5 itk 3 =
w5 YA ICs°l dshz %5 Cd 038, Cu 16.43,
Zn 12.17, Pb 11.68, Ni 15.35 mg/L ©]t}. Aol ARS-H
7 Alcaligenes sp. 2 1 AAES 88.1%% 3L, ECsOll
#Feh= 55 Cd 031, Cu 10.37, Zn 5.57, Pb 6.74, Ni
1204 mg/L otk F+ £ Tu5H= T AYsidls
ICs0l Pk w57t 7H w2 Sa% Ag+E Cd +
Cu Ag73lem, 71 & AE9+= Zn + Pb A7k

EC59] 5% Cd + Cu AgolM 7P v $55, Cu
+ Ni HgFelA 7P =& 558 23tk 555 7 1.8
282 it AP AN antagonistic effect)s KO,
IC502] %, Cu + Zn, Cu + Pb, Cu + Ni, Pb + Ni &
ToA s a K synergistic effect)E Holi Z& g
% 231l EC500IME Cu + Zn, Pb + Ni #2]7olM A7}
F3Hadditive effect)E, Cu + Ni AgTolx Asaat
(synergistic effect)E H3lth A7 Ade Fa5s 9
2 2% 3 AEels W Sudol o AA nAAEe] A%
4 7)ol mRE SAael gt 71xAmE Ale o e
5 A vgE Iy B, SEE5 5AE] B A

Fol B89 5 9E Zolet Az
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