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Abstract

BACKGROUND: Run off from agricultural sites
contaminates water bodies with nitrogen which is toxic and
causes eutrophication when excessively accumulated.
Hence, the interest in monitoring nitrogen toxicity in
aquatic environment has been continuously increasing.

METHODS AND RESULTS: To detect a real time toxicity
of various nitrogen compounds, we applied biomonitoring
method (biosensor) based on sulfur-oxidizing bacteria
(SOB). The toxicity biomonitoring test was conducted in
semi-continuous mode in a reactor filled with sulfur
particles (2~4 mm diameter) under aerobic condition.
Relative toxicity was simply determined by measuring the
change in electrical conductivity (EC). Various nitrogenous
compounds at different concentrations were evaluated as a
potential toxic substance. Nitrite was found to be very toxic
to SOB with a 90% inhibition even when the concentration
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as low as 3 mg/L. However, nitrate and ammonia have any
inhibitory effect on SOB’s activity.

CONCLUSION: The biosensor based on SOB responded
sensitively to nitrite even at substantially low concentrations.
Therefore, it can be used as a reliable biological alarm
system for rapid detection of contaminants due to its
simplicity and sensitive nature.

Key words: Biosensor, Electrical Conductivity, Nitrogen,
Sulfur Oxidizing Bacteria, Toxicity Monitoring System
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-0 20139 Alekr FHASAY 29A e =,
ZAAA 4,95270 A F 6.5%2) 3227047 SRS
et o, 2385 3557 F A AAe Ve =29
517 A15(144%) 0% F WHAZ % 725 YRtk
5] AAto]23} ofditol e MbEARE SAHI Q=
N-nitroso COI’I’lpOLlI'IdSa e 7ol 7] vl &
sk FA fFAE iM% A5 ByEPo] Hasttt
(33, 2013).

AQAA L] il £ F H714 Al
AR ZEHHE 52 Fool SAskL gl =l
oJalf A=k m= gletA o R Ealro] tuobd A
= A9 w9k AAHE, VSRR el 299 714
A g 7V ALE FEEE AA dEYoMd dAas)
ot Yol A Ashatel] Qaix obiMA
(NOY) & Atg}s| a1, 7121 Al o7 HE e
A AA(NOy)7F AT (Ch01 et al, 2014). &k
7F frote] Aol FrE s W obdad X]Ji ek

ojw e oA @’\7} A ] &=

133l] methemoglobinemias 3417 —’F (}2;1_]._ Al
A B Yo EZol(nitroamine) O 2 $HIE o]
okS e 4 Yt (Kim et al, 2014; Duncan ef al,
1997).

A HTe 5 T o FeallEds Edehe A
7} wot o] 58] A frilell W izt WA Srkeka Ao
A5 FY A A AEFA A7 A48 eqEnh
(Oh et al, 2006). A4 TheFst SARUE 7o) 9l
Oovt wo} BEAR]l G445 e A9 SAEHe o
Sk WhgAJo] gk Wik opue} EAdet AR Glo] iﬂ‘ﬂ]
=4 Wlo] 7hsd 7lwride] Hes
719} 22 AY F& o] &gt AEARAA = ANATIE A
A BolE A5 FaelFoF & Rl ol SA=A %" °©
T AE W ool TR AH-S flal] A= AR
A&l Fojof dF= WARE] Qith

mEbA B ATt Al A E( Thiobacillus caldus)s
o] gste] FhdabaM . HESA O] e S RYERHAIA
g st A8l A=k ok Al veRdutel o]

s B 374 2N HFARTEAR AAE
o] g3t = "}ﬁ"\]ﬂ‘ﬂ I AR ol s At
HOh et al, 2011). 5, A3 =2 FYAE AuA
O%, BAdogE o]k ﬂEV\E o] gsto] 57] ZdolA <
Yzt EHe 2o AEERS Ak AebA k.
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S + H,O + 1.50, — SO + 2H'
AG”=-587.1 kJ/mole
ujba] 3

=] dAo] & woll 2ol

AR 7k ukd %‘ =29 9 Aol s gE

F31o]2-9] *@”F/*Ol EO%EH] %E‘r

I 40 Soha B Adke] £arle) A0
tolli= ARGSl7] ofHu mhebA, 2
Aol = % dedel et eSge &
ohiy] 180 ol A3 SAueke el S5l
5 337} b

S ¥

i ;\] 3] =43} Oi}yq g‘@%@ §ZH on= gmsl 2 9

A sl 4Eel $ ol A A=
A9 MATAO T ALgE 5 Y] Wil 71E AdE
sk AEAUARIA L ol wle it
& MARgo] gl Aol Sl

2 APINE SAZ O AR190E o) Fgsks} 2o
B TAE adehe teke dHe AAaE(INO,, NOs,
NH)S 3kt AEARAXE B3 S9X7Fs4S 37t
slngich. obge] AR Shol e Pshre] SHS
3k AEW £2S B S ABEA RUHY AXw

Aol b5 e dotugink
R
=B

s Eol S AES
(H]'O]i"* A) T
23V A E( Thiobacillus  caldus) s ©) 43 AESA
EL]E%E A= YT S, kst dEe] Ak &
HEEE, A7HAEE S8R 9 vlolE RUEE FA=
”EJWFlg 1a) %J"F% AFREE B gGow A

FPE Sof Qi whgzel AFA

CERELES

) —o“

XF’F%%‘HOJ *Ji %T}% Sl 2717F o] AL W x4
wrof] JAIE Sl AVIMEREC)HSS AAs] 7=
o] AR EE S SA4Y AVAER g2 A5
BE ol AAte R Aol Hu 4% BUEY R

Rl

Frkshre] g Sl9 %‘f‘i%z—b— Polycarbonate 2 #]
el om ENEHD 3.5 cm xW 3.5 cm xH 9.2 cm) 9}
545D 25 cm xW 25 em H 55 cm)7} Sl= AFP TS
Refom Nkel S4%e] fadAE 47 735 mLet
125 mL& #4811t Fig. 1b). ¥H&3% shetell= A7) ahs
AAst] 37178 FalF HAES Sl oo P LE To &

|
719§k 100 mL/min ©% F3kch A4 2~4 mm
9] ERIAE 60 mL WHFo| A T kel cubeH Q]
AME Fof B3} o] FuH|E Y SHF7A] e
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Fig. 1. Schematic diagram of a toxicity biomonitoring system using sulfur oxidizing bacteria (a),
sulfur reactor filled with 2-4 mm sulfur particles (b), and MCR reactor (c).

Master Culture Reactor &%
Master Culture Reactor(MCR)2 443 A8 714
T s ES] AETto] FAJE dxte] dgdst THE

98l ==K Fig. 1c). MCR HE-Z= HESHHD 6.0 cm x

55 cm)7k Sl AP IS RO R, FEEA 47t Wk
324 mL S78% 125 mLE 73 s3ith MCRE] £+
= 2~4 mm AF o]gste] e YA} 250 mLE Wk
Holl AL 5, 719 BATH200 mg/L) o2 HALE 75
5% 100 mL/min®] FFO% 1027+ A o2 /)=
dgom WREAIZEE 2A1zke R wRiGA oz SAE )
MCR W335 71825 AXste] Ao Als) 1)
AR B RAe] Hesk AhT o] ThestERE Sl 4
5C g2z0)M 438tk MCR vz Sabsle] A&
2 F71E 8 182 7 o® AHEEE 57319 Data
loggers &3l HFE el 715, AFHE=S 744330tk (Oh,
2010). & A3l AHE FxEe A Table 19 2tk

_1

H

AlEapH
AE5Y H7Hs MCREZHE 338 skt AEdo)
FAE AT AP kg gdadt EES 70
mL/min 2 0583 F9A1713, SAEAS F35k 302
FOF WA 7| W4 o g AS sl AE
2

S

{0

[¢]

T U =
54 9S8 diowt okl Az, A A
Frlobd A4 ol gtk Ty B 420 Bt of

= 1
A A4 1, 3, 5,10 mg/L, A4Md 4k 10, 20, 30, 70

mg/L, YEHoMd A2 5 10, 20, 50 mg/LE FU33iTk
A AL} G Yo Aat obdabd Aisl 22 F9
T 2N E AIHAER gre] Wkt vjulste] 4l
£ wolAd AFslt SHEL A el mE SAEE
T gl Be AshAA AE el e
ANAEER F4800] 545 AR S o83k F7slch.

FaolZel ot SAFY ads Apdshy] S8 e A
el g4 9l fMEE 3715719 T e R geadt
TRES AMEIh N sl digt AEFE F UE F
Fofl tigh Wrks SR wE:EA e AAE 390
5 MCR Hjfzold 5 ato] ikgzol skl 122413t

SR v 2 Aol sl AltEol itk

EC
Toxicity(%) = (1— ﬁ) 100

slope

when Toxicity < 0%, Toxicity = 0%
ECiopet : Increasing EC slope at time t
ECiope : Increasing EC slope at toxicity 0

/M
]
A

2t

K
il

Master Culture Reactorzt ZHISZxS| &4E AS
MCR} kg3l 7]l Aol Aehs st
el L AT U 542 s o8 Wk 9

Table 1. Characteristics of dechlorinated tap water used in this study

H EC Cl NO2- NO3- PO42- SO42- NH4*
P (uS/cm) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
7.11 99.2 5.9834 N.A. 1.2823 0.0972 13.381 0.159
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Input the sulfur particle

—&— MCREC
—a— Reactor EC

EC (mSfcm)

Time (hours)

Fig. 2. Electrical conductivity (EC) of MCR and sulfur
particle packed reactor under repeated batch
injection of tap water.

8 5Hos Qe ueb] MCRY 3kgxe] E4d2
270 ug} A7) ATE kS oFAkS B0 A A5
LEAEZ0] gl TEE(Table 1)< o] &4 W2 o
MCRS 2438t A7} 44 7] A7IAEE 3.0 mS/cmollA
sl Bdow *@”El ko) o8 A71A
T gho] 15412 ¥k 3 oF 50 mS/ecm7HA] Skt
(Fig. 2). o]% 5/d=do] 23] QA & =0l T
T Mgl s A7HEE #hol ©F 3.0 mS/em
o7 HaTtE oAl SAkshu| e o]k Skl Ao s
5.0 mS/ecm7H4 “dsdhs di|o] 10A17HsF W E QIc
MCRE] #IAE 3kex2 FS1eklS 49 AAAE ¢l
o] A7AEE #ho] TR 2e & F A, FREY &
ool g3t A7IHAEE Fko] 1.0~3.5 mS/cm?] WS <t
N AT} 3PS WHE SR3ich o] 9 22 YAl W)
EE 9 " G FYE S5iAel Ak sk
o] eHystE o] s oJnlgith

.ﬂ

gLeinid=E Hio|2MA2f opEiiky EA gt SEY

Fatsh) e Hio] AIM = l%kiﬂ obAd Aol el
AT w) e Azt Askek AZo] shsek Aoz Uehd)
OVW @AJ icOﬂ W gz A7ARRE Weks

5, 10 mg/L7} H izﬂo}fﬂ e
YA A *FEHOM %hﬂ&—@iﬂ ?8_7]@_5_5 &2~
3.5 mS/cm W] dlelA] Ao ® A=k whd o
A A 10 mg/L7F FrlE A SAkshte] @A st
o] SA AVNHEE Fho] skl o 41t el #4914
9] A7NAEE # 0.1 mS/cmZ7HA] "ol HTHFig. 3). o4
A A4 3,5 mg/LE F% F9E 10 mg/LE 3t
Rs wol rRHAE AVAEE gl ﬁ'*o]—oﬂ o A7)A
TE WskE 5A4EE ARkt 49 59§ oF 30 <ol
85% olde] %7} AXRtE AT Tgal of2 ‘*&*é S
E7F1 mg/L & A5olle o 10% JE2] SRS Hth

o

= die Fe o]l Agw wHoleal
mg/L TTJ A obdAd Aol dsidE Al

11

Of

e 1
HAI

73 o2 WA & Y A0 veuirk
SFIA Aat 59 TAOYAEA T2 P, o
‘:/] E‘Qoﬂ ‘§_ % 1,] ]./H X]AA 11)\]-§}J+?<-1oﬂ}\1 12—
ool dmzEdl ALs 2TE A BAF B8

sk E4lo] ot -2yt

T 2T A
3 1 mg/L, 9= 0.1 mg/L,
d mg/L, 2 0.1 mg/L & sielA
© oA AAE HeE FAVIEoRE AAste] HA 6
sk glo] fEidets & old uist 2|7t MEAl Ui
2 Z1oF Hlth (NIER, 2000). A, o}dAg 2o &
T o R FAEANY oleagrtE T IRo] sty

= =D
22X B
o9l o} FAE

> fl

_1‘1-]4 _,_ bl ;q‘:q J,]_x%o] i;d—ﬂ.o% )Jfﬂx]_
7} SAEA FEE A oL Ags] An] A 5 9
g A= dA7E ek whde] o] @A mrkE Tejue 4%
o AEReRE A Qe d3E e 7 AT ARt
a7ke]7] we]l el et olelgol Qlvk Hgh Hl
T S o]t 71EZF AlRE o] AREIAaL 9l 1
H];\mﬂ_q ._/H)\ /\ X]—U]—lﬂ— 7“0 z%o] 37‘]'—4 ul—}\g Qo]
TN E 4= QltiLee ef al, 2001). A SAtsin] &S 0]
G 2l SAEAEA ] A 3 mg/L R w2 5
o B s R0 $9147F 45T
FA0R7F SAEE T et S PHOR Al&GSH
FA W e BAE 7t Sl Aol Sink webs

W oA Aol 2 BAEA 4 ofFE wdsta B
UeHsh= 712 e Wiel vla] B a8Ao] 9l 3o
2 AbREth

BES J%Xl A9 Ag 54EE FY olF 54E4
Ol AA NS w= W WJOﬂ 50l BEEo] vy ¥4

S 95t &um wojof gt 2 Aol AbEE ks E
u}o]:m A obid Aol 9% nAE A At F =
ol gl FEES TUIE de ISt whgo] 1041%E o

ylel oA 38EE AE & "F otk 18y Cr™ 2 mg/L
= FYIE AT Oﬂ% AEAe] el wd=e &4do] A
a # 5 ] FEEs “F‘?Jolﬂa}+ 2427t ofufel] thA|
B NSS ﬂow F7F HSiTt (Fig. 4). ol 559
/o] wlg- AA s AE B2 Slsiu|Ee] oA &
e FEehed] AR o 71 Azte] Feshy] witoltt
obdad Aast Fus Bitolel AN FAR FE
7Fedol 2 sokel tisiA e Gatsin] e vIgkekA vt
S3k= ZoF YEht) (Data were not shown). tWehA
st dEs o] 83 AEERAAAE gt TR =4
=40 gl SE/o] Holur| wiitel M8 A=A RAgAE
&g 7hsAol w5 AR Alndrh

P ES T8 A BrpERE A
7NAEE 113 };01/} S Aol wE pHARA B o
Al AR o]go] 7k Ao AT 2y A7)

Mm o
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ig. 3. Electrical conductivity and toxicity response to varying nitrite concentrations in the s
Fig. 3. Electrical ducti d t t trit trati the sulfur
particle packed reactor.
e tori <ol SABIIME HIO|RMIMO| HAkY HA0| TiEH SE
nj Qr non-toxIc soluton
- 2 Aaa= 10, 20, 30, 70 mg/L7t W5 opdAbY
. 5 = > 51 2= =
—— Cr”2mglL A A VRV R ga AR eRER ALl
[e] [e) [e] =]
4] o AgAoR A Qe wREEel FYselth AAd
A2-0] 5T} obrdel we o] 9] o] FrfskaL o
- o f9 27 WIHESE Lol @ Ry oba
2 ~ 5 =)
3 g Azl Hls) BA EEE A AnT Fsklo
G 2] A ES AslE BA ke Ao skt =, 70
Ll
= [e) A=y
mg/L 7P WY Ake] FEE BYS URelE Ay
1 Aol o3 A7|AEL FHhe HolA o SAE:
0% AT} (Fig. 5).
0 o qrmLoby Aash A Akt ASTY A7
0 5 10 15 20 25 . , - =
U AERl Thiobacillus 2] 737 Bost A4Y0 R o]
Time (hours - .
(hours) g9 5 Q7] W] BAo] gl 207 WrkElHBrierley

Fig. 4. Electrical conductivity and toxicity response to
hexavalent chrome (injection concentration = 2
mg/L) in the sulfur particle packed reactor.

EE7h FAG0l FEY 7 ek ARF ST B
b, pHE SHGlo) & 517k S74ebe] wheh AabA) 7t
a3 S5 Wk ohjeh A A A8 A A
W7} the) wite] shre) 34 BEEE A
b 9 Ao ekt

=
and Brierley, 1968). Thiobacillus denitrificansS} 22 7t
7tdEs  Folg 21 (Autotrophic  sulfur-oxidizing
bacteria)<- oFgfiihg-3} o] & HAAFAAZ AL A
= HFT AAFEAR olfato] dHo] 7hsd Zow Bl
=l

55 + 6NO5; + 2H,O — 5505~ + 4H" + N»

4= HIO|2MIM2| f=L{0kY EA0 Che SEY
Bk

5t 25
ghEobd 2242 5, 10, 20, 50 mg/L7t HES g



Toxicity Response of Biosensor Using Sulfur-Oxidizing Bacteria to Various Nitrogenous Compounds

319

Inj

jection of tixic solution
/ Injection of non-toxic solution

10 0.30
—e— ECof NO,-N 10 mg/L
8 —0— Slope 025
—A— Toxicity
£
L
[}
E
[¢]
w
Time (hours)
Injection of tixic solution
/ Injection of non-toxic solution
J
10 4 / 0.30
—e— EC of NO;-N 30 mg/L
8 —0— Slope 025
—— Toxicity
£
L
[}
E
[¢]
w

Time (hours)

Slope((mS/cm)/2mins)

Slope((mS/cm)/2mins)

100

80

60

40

20

100

80

60

40

20

Toxicity(%)

Toxicity(%)

Injection of tixic solution
/

Injection of non-toxic solution

10 030
—e— EC of NO;-N 20 mg/L
8 —o— Slope 025
—A— Toxicity —~
|2
£
-~ £
£ N
5 =
b 5
E ?
o E
u '
Q
o
2]
Time (hours)
Injection of tixic solution
/ / Injection of non-toxic solution
10 4 030
—e— ECof NO,-N 70 mg/L
8 —0— Slope 0.25
—A— Toxicity I
£
- £
E Y
3 §
E )
9 g
= o
Q
)
(2]

0 dddddddddddddddbbddddddbbbbddddddbbddddd

5 10 15 20

Time (hours)

100

100

Toxicity(%)

Toxicity(%)

Fig. 5. Electrical conductivity and toxicity response to varying nitrate concentrations in the sulfur
particle packed reactor.
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