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ABSTRACT : In this study, chemical analysis and ecotoxicity tests of leachate from disposal site for foot-and-mouth disease carcasses
(FMD leachate) were conducted to collect fundamental data that will be used to develop environmental risk assessment tools for FMD
leachate. For chemical analysis, concentration of CI, NH,'-N, Korea standard method indicators for detection of leachate released
from animal carcasses burial site into groundwater and NRN (Ninhydrin-Reactive Nitrogens), a newly suggested screening test
indicator to detect groundwater contamination by FMD leachate, were assessed. For ecotoxicity tests, luminescent bacteria (V. fischeri),
micro-algae (P. subcapitata) and water flea (D. magna) were selected as test species. Correlation analysis between the concentration
of CI, NHs-N, NRN and the toxicity to V. fischeri was performed to identify the better indicators to monitor FMD leachate
contamination. From regression analysis, the concentration of the indicators in FMD leachate contaminated sample that induced
halfmaximal toxic effect to V. fischeri was evaluated. Results obtained from this study can be applied to assess the risk by FMD
leachate and to establish the guideline to manage risk in relation to FMD leachate.
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715 AXCE BAIO] A 7hs miEA] e 135
wEA 2304, F 64139 MEE AFIstol(Table 1) Y4
E2)(3,000 rpm, 4 C, 158, 415G, GYROZEN, Korea)2} o]
5H0.45 um, WKP4525-1, Smartpor, USA)9] Hxg] 114
$(Kang et al., 2012) o]3}e}24] EA3} Ae=/dAdS 4=
Wsheick

NH," -N(ES 04355.1)2} CI' 5= (ES 04356.3) £4-2 4=~%]
Aol fATE RSt ATHEE, 2011b). NRN A
3-& A|&7} ninhydrin solution®} ¥H-$- & Hhl A5 =4
Sh BAMO R ZheRa ATEYH S et 2tk Ninhydrin
Lo8.2 ninhydrin(151173, SIGMA, USA), hydrindantin hydrate
(088-03701, Wako, Japan), dimethyl sulfoxide(154938, SIGMA,
USA), sodium acetate(SIGMA, S8750, USA)E &3l5}o] A
%3}tk 1 mLe] A&4 AJ&of 0.5 mL2] ninhydrin -8
S doj 80 T 3-24=%(WB-11, DAIHAN Scientific, Korea)

Table 1, Sampling sites and type

Sample Type Site
Site 1 Extraction well
Site 2 Monitoring well A
Site 3 Monitoring well
Site 4 Extraction well
Site 5 Monitoring well B
Site 6 Monitoring well
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of thgt HFAlS o]88k] NRN g2 7-5FAth(Yu & Ahn,
2011; Friedman & Sigel, 1966).
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2.3.1 V. fischeri A&

V. fischeriol| T3t £ 8k Modern water Microtox®
AnalyzerE- o]-8510] 2A5FI Tt Model 500, Microtox” , USA).
NS A 9715 viEA] el S 1/10(vv)

of 3= OAS(Osmotic Adjusting Solution)E& -2 &
SEHER0.2 %, 1.0 %, 5.00 %, 25.0 %, 50 %, 100 %) 3]A
H Algol tisto] theat 22 o R S3sigitt &
£ cuvetteo]] 100 uL9] V. fischeriE @il %7] HPJ*E%
43k T 900 uLo| A2E do| k&7 ¥ S&, 154, 30
5 WS 24siel 7 Alno) i ECod T8 ¥ B
(1) o|&3to] TUZFS AH&E3THAZUR Environmental,
1998).

Hm AN ot _l

100
TU = 7o, M
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Where N is the algal numbers, ¢ is time(day)

Inhibitionrate % (% I) = Heonirot — Pinhitited = 100 (3)

Heontrol

Where u is specific growth rate

2.3.3 D. magna N&
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3.1 o|gkety 24

A CI' 5= site 4 > site 1 > site 5 > site 6 > site
3> site 2 02, NHy-N %% site 1 > site 4 > site 3
© &2 712831 NRN 5%+ site
1 > site 4 > site 2 > site 5 > site 3 > site 6 <O 2 =7
=74 E|QtKTable 2). WF A&S5(FEH AR, site 1, 4)=

AN Qi HEHISH AR, site 2, 3, 5,

> site 5 > site 2 > site 6 &=

Table 2. Concentrations of CI, NH4+—N, NRN in FMD leachate
from 6 burial sites

Sample CI' (mg/L) NH;"-N (mg/L) NRN (mg/L)
Site 1 1,540.0 + 1414 | 13,800.0 + 565.7 | 2,585.3 + 157.6
Site 2 256.0 = 11.3 7154 £ 9.6 389.9 + 23.5
Site 3 276.0 £ 5.7 1,100.0 + 141.4 282.9 + 60.2
Site 4 | 1,660.0 + 197.9 9,300.0 + 141.4 | 2,346.5 + 138.2
Site 5 736.0 £ 22.6 952.0 £ 11.3 333.5 £ 68.1
Site 6 420.0 + 28.3 500.0 = 141.4 122.8 £ 9.5
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&4 B%E NH, N7} 718 =7 23X 59t Table 2). Pratt
9] 715 AHIRETE] olsketE] AQAEA Atell ofshd 7t
=5 WER] &40 NHy N == 4,500~12,700 mg/L,
Cl T&=+= 2,360~3,480 mg/LE A=, HA] of&X
22229 NH,-N 55X 2,400~16,300 mg/L, CI &
2,140~2,855 mg/LE EA%|Q) o, A ujEx] H&4=0] NH,'-N
&L= 4,708~19,200 mg/L, ClI' 5=+ 2,180~3,810 mg/L
2 BA % QItHPratt & Fonstad, 2006). & 1512 Ay} U5
2&229] site 17} site 49] NH; N %7} 9,300~13,800 mg/L
o]3 CI H=7} 1,540~1,660 mg/LE 7|20 AAtolA =
SIS 743 A el oIS Aot s

A7)

9% 1 NH/ N D235 917} RABIIOH CF 55
= 2 1;&“8 Aoz BAEQItiAlberto & Lorenzo, 2006;

Pratt & Fonstad, 2006).

3.2 V. fischeri A|&

V. fischeriz ©] &3t =4AIH Axk, ZF 2159 ECso(15
S 7|&0 2 TUZko] site 4 > site 1 > site 5 > site 2 >
site 3 > site 6 <=2 2, ECso(5+, 305)2 7|& 22 TUZo]
site 4 > site 1 > site 2 > site 5 > site 3 > site 6 <=0 F

Ao2 Uehtri(Table 3). AAS] 29 3 HEHS
Uk /\IE site 1)7} €)% IE(FEA A, site 2, 3)]
B3 V. fischeri T3t E4o] ¢k 1.9~3.68] =2 Fog =

100.0
50.0 4

0.0 4

(50.0)

(100.0)

Inhibition rate (%)

(150.0)

(200.0) -

Conc. (%)
(a) Site 2

AT BAIO] A W AERED AR site 471 9
H HER@SH AR, site 5, 6)0l| BI3l| V. fischeri TiQF
/o] oF 3.0~114v] %2 o2 SAHHIY S49F
= AER B2 AolE Holil Qo YRHE7} o
A&l vish 4ol il FAIGES 2 Wl A8
e AFE 7t =2 AHLSF V. fischerio] Higt
EAJo] =& Ao Z el TtHTable 2, 3).

3.3 P, subcapitata A&

P. subcapitata SAA DL 6A| A = o|gleld] BXAZIaL
V. fischerio| T3t A FgFo] 271 Jroln o]Fsta FHA
B 99t AT &9 Aoldt site 29 site SOA A3
gk FE4of thsto] =3 3]—93\ . P. subcapitata =3 A E
At 27 A2 AE4 BE TGS 25 % olAfol|A 2FET}
A 35}e ©m(data not shown), 5 %2] &47) oHGE A
B2 site 19] H9 o] vlsl 34.83 %, site 59 ¢
th ol Hlsf 68.31 %2 A AsiE e thFig. 1). 1
Uk 1 % o]ste] A& & /e 7 X BEF i

wol| Hlsl) 2Fe] Aol Frlelhe A o2 eI THFig. 1).
AhE vH 2R F83% PR R st Fejo] &
71A24(NH', NOy, NOy' )] §525 &3 AMzAHol &
tus EAo] Qt(Tam & wong, 1996; Hu et al., 2000;
Park et al., 2009). NH,ClZ ]85} P. subcapitata®l] Tt
NH,'-N9| oS 533 43} A& 5 %7} e A=

100.0 -
50.0 4
0.0 4
(50.0) -

(100.0) 4

Inhibition rate (%)

(150.0)

(200.0) -

Conc. (%)
(b) Site 5

Fig. 1. Toxic effect to P. subcapitata of FMD leachate

Table 3. Half maximal effective concentration (ECso) and Toxic Unit (TU) of each site to V. fischeri at 5, 15 and 30 min

Sample 5 min 15 min 30 min
ECs) (%) 95 % ClI TU ECs) (%) 95 % ClI TU ECsy (%) 95 % ClI TU
1 0.687 0.358 - 1.320 145.48 0.625 0.330 - 1.184 159.97 0.577 0.292 - 1.141 173.25
2 0.853 0.363 - 2.005 117.23 1.173 0.681 - 2.022 85.25 0.979 0.503 - 1.907 102.11
3 2.480 0.708 - 8.689 40.32 2.245 0.552 - 9.140 44.54 2.206 0.437 - 11.150 45.33
4 0.376 0.270 - 0.523 266.17 0.368 0.121 - 1.117 271.81 0.337 0.146 - 0.774 297.09
5 0.924 0.539 - 1.584 108.23 1.107 0.568 - 2.159 90.33 1.226 0.689 - 2.181 81.57
6 4.951 4376 - 5.600 20.20 4.192 3.045 - 5.769 23.86 3.575 2.513 - 5.085 27.97
8 Ecotoxicity Assessment of Leachate from Disposal Site for Foot-and-Mouth Disease Carcasses
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D. magna SAN G2 P. subcapitata EZA S Y3t
site 26} site S04 AHI AE4 A=l thte] 25t
t}. D. magna SAAE A1} site 22} site 59| thgt D. magna
ECso(24A17DS ZH2E 1.56 %2} 1.48 %0] T ECso(48A17H-&
72} 0.78 %2} 0.57 %= =A = QTKTable 4). = A9
A&l et V. fischeri®] ECso(15)°] 242t 1.17 %%}
L11 %= A9 715 wiEA dE5ol gt D. magna(24
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Table 4. Half maximal effective concentration (ECso) to D, magna
and Toxic Unit (TU) of FMD leachate from site 2 and

site 5
Sample Expos.ure ECs 95 % Confidence TU
duration (%) Interval
24 hr 1.56 1.37 - 1.70 64.10
Site 2
48 hr 0.78 0.56 - 0.89 128.21
24 hr 1.48 1.30 - 1.62 67.57
Site 5
48 hr 0.57 0.47 - 0.70 175.44
140
120
~— 100 4
z +*
E 80 -
2 507 # v=3350log(x) - 1.209
P 40 R*=0.834
20
D T T T 1
1 10 100 1,000 10,000
NHs N (mg/L)
(a) NHs =N

3.5 g 24

TFASRHESE) o A ARl o5 JAL =5t
7] $lste] 611 0) A4S A7 A% e B
AEFAG 7% w24 a4 SN 2470 el A

MHog olsteld BAI BAAYS AT ¥ 420

WE7Ee] AAES EAsHIT

Site 1~69] A& SH-2 5 % A|RQ] V. fischerio] thgt
HEgAelgo] izt vl ZHz} 84.59 %, 80.84 %, 59.56 %,
94.73 %, 52.50 % & H% =AJodsfo] I QJ) CI, NH,-N
18] 31 NRNZ =4 o gfato] Abbw = 7k7} (.78, 0.90, 0.92
2 A 7HA g mE et SA4ke] AREAs s A

N
© & eyttt 3] NRNZF NH, -No| 54 gkao] Akt
BAZE e V. fischeriol RS ks AET
A& 9] NRNZ} NHy' N == 378448 o] 45}o]
¥zt 14.09 mg/L9} 33.98 mg/LE AF&E| 9 thFig. 2).

AR srol=elle] osthd BUE A¥ NH N %5
T7F 10 mg/L o]Ato]HA] CI' %7} 100 mg/L o]A}el 7
i

+ A& 7= 7FeAo] 2 dAEAN R Hdtst
UTHEHE R, 2012). 2 A O] A7, site 104 ZJFF
4745 % 95 A2 NHy N1} CI %= 72} 2,415.0
mg/Le} 77.0 mg/Lo| 1L site 404 | Fst A&47F5 % &
25 A2 NHy -NT} CI' %= 747} 440.0 mg/Le} 86.0
mg/L(Table 5)= 737 7ho|=aQl 28 A Wi &7}
5 % S, 53] 5A9FF0] oF 80% ol AlRde®
TAAIET 5 70l & TA=E THEA] Tk
o2} HhH S xbe Ayt IHHE 483 At A|E7t
0.2 % F7-=90S 7-site 6 A|2]) NRN 5271 1 mg/L ©]
Fog =497 30 % olskel FAIGET LA =R
ol SEHo] 753t Ao 2 YETtHTable 5).
FAGRETE WiE 7159 T gl wet AR

A&

140 +

Toxic Effect(3)

¥=36.60 log(x) + 7.845
A R?=0.843

D T T T T 1
1 10 100 1,000 10,000

NEN (mg/L)
(b) NRN

Fig. 2. Relationship between toxic effect to V. fischeri and (a) NHs'—N or (b) NRN
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Table 5. Concentrations of CI”, NHs"-N and NRN in diluted FMD leachate from 6 burial sites

Conc. Site 1 Site 2 Site 3
% cr NH,-N NRN cr NH,-N NRN cr NH;-N NRN
0.2 4.1 28.5 12.88 0.0 2.8 1.09 0.4 2.5 1.88
1.0 16.3 131.0 48.10 1.0 11.1 5.19 2.6 11.0 3.84
5.0 717.0 845.0 246.73 17.3 422 26.85 12.0 60.0 12.75
Conc. Site 4 Site 5 Site 6
% cr NH,"-N NRN cr NH;'-N NRN cr NH,"-N NRN
0.2 33 20.0 10.88 2.5 33 241 0.4 1.6 0.66
1.0 16.0 91.0 45.48 13.5 143 5.49 43 7.3 3.27
5.0 86.0 440.0 238.55 48.5 57.9 19.89 22.0 30.0 14.42

#ol7k glon] WfBA) st A= W oA Yo my el
Aol So ufet ofakota] AAo] 2ebal 4 QlekPark, 2011).
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@ A AE) et o|sie Akt S e A4
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A7 = UEbg e olef 22 A= NRN#}
NHy N2 1A &R0 458 TEs & ope), 11
of tigt 54 A= dSsh=d 282 & Us AL
2 ydEch

(3) A HE0EAY

(unit : mg/L)
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L
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