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Abstract: The aim of this study is to provide a scientific basis for decision making regard-
ing environmental damage in case of future chemical accidents by evaluating the eco-
toxicity of 4 substances requiring preparation for accidents. For this purpose, acute and
chronic toxicities of nitric acid, sulfuric acid, hydrogen peroxide, and ammonia solution,
which can change the physical and chemical properties of soil to Paronychiurus kimi(Col-
lembola) were investigated. The pH of artificial soil spiked with a series of test chemical
concentrations was also measured.The pH of soil spiked with 10,000 mg kg™ of soil nitric
acid, sulfuric acid, hydrogen peroxide, and ammonia solution were 2.86, 2.72, 718 and
9.69, respectively. The 28-d LCs of nitric acid, sulfuric acid, hydrogen peroxide and ammo-
nia solution were 2,703, 5,414, 3,158 and 859 mg kg'1 soil dry wt., respectively and 28-d
ECso were 587, 2,148, 1,300 and 216 mg kg™ soil dry wt., respectively. These results indi-
cated that the mortality and juvenile production of P kimi were influenced by not only the
soil pH but also by the reduced organic content and products produced by the reaction
of soil with the tested chemicals. Given the fact that most substances requiring prepara-
tion for accidents can change soil characteristics, assessment and restoration methods
that take into account changes in soil properties are needed for accurate decision making
after chemical accidents.
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Aol 927t =AY sFshatart WAlsHA szt 2 A0
= $HHE EEES AHHIEE 2 27 sto] Hest
I QUTH(ME 2013). TRF TS} TR Al44, 455 0f]
2} S}SRARIL O] Q1S FE Sk, BFetAfaLe] o5k Al
A7 olut &7 mafje] 2 adtet BEAE Iote], aetata
of mE Q1A - =2 nofet e o2 o] k&7 9 o
et FEFEAE AAISHES o] QITH(ME 2013). 3FetAL
10} o} ALE ] E Q17 HAQl Heto] o]Fo2| 1
UA|TE o] 5] SFetataref ofjt mof gt HAE 9%
FAAo| 1 HeFAQl A= FE3 Aok (KEI 2013;
Wee et al. 2017). 53] 3}SFALTL F AL H|2AE2] 317
W Asell T A= S71ok=s FAIY ol ¥l (Shin et al.
2018; Cha 2019), At H] =& o] A& v|x]= nsfjet
A =4 A A9 o]Fo|A| 7] ¢t Sl
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FAESAA 2 IF= 714
(Coleman et al. 2017). fFstH EF A
3 (pH, EA 5)°ll tigt A& 7HA 1L
of oJsff AHA FFe v 4 & BR oFY 2t (van
Straalen and Verhoef 1997), 7F & 02 EFO] £
EEG U Ld=489 AT Hale] oM E dF= Ta
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st de] Fxst= A= EEV|E 085 (Engel et
al. 2004). EE7|= EGE 71 Qe 55 To24 A
407t o FHo] Eel mAl= IS
ol-gx o] = E7F ofY 2t (Fountain et al. 2005), E pH
O] Hstof| & WIZSHA ¥H-5-517] wiiZoll (Jaeger and Eisen-
beis 1984), At HH|ZE 5] o9t A=A dF= F71
St7]of Aeteittar websGiet &2 AedoflA] o] 8=t 7o
25 E7| (Paronychiurus kimi)= =2 = EF| 55}
A B35t EE 7|2 (Son et al. 2007), OECD EZ=X]Z ]|
A 3 E3 Folsomia candida®} Folsomia fimetaria®] ThA|
o7 1A= o] Ith(OECD 2016). E3H o2 EEVE
o]-g5t et TE5 71 dE2E S0 e B2t
(Kang et al. 2001; Son et al. 2009; Son et al. 2019) o] F o]
247] wiizof] 2 Aol ARE= Ik

2 A 542 Al A, bR Yo, Thtelaof
it e =548 7HE Sl Alatdirled Sl Uit 7=
=73 tloEH|o] A5 F=5to], FF sfetAtal WA =
msfiof] TRt oJAFEA o TehA] EAE Alsch= H 3
L O1E flsll & Aol AadiRlEd F B =
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=l A AT EFolA Y F(Choi et al. 2002), 417,
A2t B Ao] THE)Xl HiA]E o]-85te] 20+ 1°C
7] dxZANA AR EoIgI) miF SRS o]-8ato] vl
215 & AFom, HolZ Brewers yeasts Al&orch
(Snider et al. 1969). 5Lt AR O] 4F-S 7] {lsted, wj
T T ARl A Fol W2 &S o2 Aste] 22
Hjzlof] AT 0w, H3l & 28~309 0] At 5= A
o]l o]-85Fth(Son et al. 2007).
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A}%H XW (HNOg, > 69. 0%)14L A (H,S04, 95~98%),
83 dryol (NH.OH, 5.0N)+= Sigma Aldrich (St.
Louise, MO, USA)°l| A, ZHita}=4 (HNO;, 35%)+ Junsei
(Tokyo, Japan) 9141 F-5ko] AHGaHek BH5A B2
Aas}7] o) EoF ) A4, 4%, Takee, ehr ol
9] 57} 100, 500, 1,000, 5,000, 10,000 mg kg™ soil dry wt.
o] HES ARBAE 37t FH40 EPete] APgAL
Azttt FASABIL 2E Ed2 BAS RS

= HAsH ﬁ A=A 7]5—; 2] 5143}7] _CHEH EoF LH
24t gt OPEH of=9] Fk7} 312.5, 625, 1,250, 2,500,
5,000mg kg soil dry wt., TASNEA 9] B 57T 1,250, 2,500,
5,000, 10,000, 20,000 mg kg " soil dry wt.0] =5 A|AE

W2 37} R0 EYoto] AP EAS Az
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%1845} (OECD 2016) =/JH7FE 915k 5% Sphag-
num peat, 20% 7F= 2 75% 22 (<2 mm)= o]Fo]%]
2 % EgS Axet § eibdES olgoto] EGAIEE

2 ZAsHh oA AlxE AFEE At
s EYES2 (Water Holding Capacity) 2] 50%
of o] Efo Yl #UsHA Aol ek Ald=d
Q1 A2l dt 32k5 7ok 419 2o EGE 939
Z2g#: 87](150mL)l 30g¥ FEH sHHEO 2 L
%01 FHSH o - =487 Al 8719 109t

O] A% (F3} F 28~30¥°] A) A EETE HF
F,20£1°C, x4 P Ut 5454 F 7ol A=
ARAZIZE B} S 0= Holg AlFstA] AR, T
57 ol M= AT Brewers’ yeastE AT A5

Qowl,BlF 31 FRA4E S8 £U2 BEHAk 7Y

o
=
NH'
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Toxicity test of strong acid and base using Paronychiurus kimi

H
S

IS4 52 A Eogol] Aol B2 Kol 5o
A5t om, 289 5 HAEAR} S A

e oox ©
o

95
o +E8

F9 4FT /59 #E Asstsrh

AFEE kol g EY pH H3E Yotk 7] $ls}
o] 27149 EoF lﬁi A zstelek hA] 717t R
2 EF U Hah 34t sk, R Yoo wETt
1,000, 5,000, 10,000 mg kg " soil dry wt.0] E|E= FH]H A]
FEHD AFEAS T EST} AlolE F20£1°C, AX
oA syl o, otF & Bk A etsich A3 =
EdE TR 1:50 A vER edote] £ At F
ot RS 30+ 57t BAIAZ] F, pHU|EE o]-§5t]
EFC] pHE S5t (Conyers and Davey 1988).

=

4. 7 24

S 27 SAS 9.4 (SAS Institute Inc., Cary, NC, USA)
£ 0|85t RE SARAS BT TA 400 o
A BE 27 o] gHE 7t o] 4] (outlier) S MAD (median
absolute deviation) ‘%}"ﬂ% o] 835l AA T BEASHYTH
(Leys et al. 2013) o3 AYito] AME 2 ARteE
H| 5}7] 9fsted, .—J H 2] g A2 4eRskgl o, ARS
A O R Tukey AFHE ©]-85to] %JTT 5% A =
A5 Probit BH-E ©]-8-6Fo] W2 AT (LCso;
median lethal concentratlon)ﬂ' 95% LQ TS BA5H
O ™, Haanstra et al. (1985)7} A|¢ts A AE RS o] &
5o Atgha=of] gt HH=9 35 (ECso; effective concen-
tration 50%)9} 95% A1 2|77 EA oIt A Yl 2| FAE
A4S 9%, AT HAY S E DunnettH A HS ©]-8-5t
Argto]] ‘:HO]' &5 (NOEC; No Observed Effect
Concentration) 2} #4925 (LOEC; Lowest Ob-
served Effect Concentration) & At&0F31 .
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—@— Nitric acid

—O— Sulfuric acid
—/— Hydrogen peroxide
109 —A— Ammonia solution

Soil pH

T T T
1000 5000 10000

Concentration (mg kg™ soil dry wt.)

Fig. 1. Soil pH (mean+S.D.) one day after exposure to different
concentration of nitric acid, sulfuric acid, hydrogen peroxide, and
ammonia solution.

S7FoFth (Fig. 1). ¥ IpAkslaA A2 tol A EGL]
pH= Efoll A2 gt yitsbpa Fieof whet ¥shz] eksh
o A4t AL R Yok Tk STt TE EF pHY
Hoh= AldEdE0] BT vhaote] AGH 4 o]
(H*, it ah it Atstol 2 (OH, YR Yok) e
O HQlch Fikat Ak EQka wh-gato] Zf7F 4=4-0]
21} A4kl 2 (NOy), Faol21} FAtol2 (S0, ) o'
U2 (Ly et al. 2014), FEY o= EF vh-g51o]
YR EO|2(NH, )T 450l 28 U= Ao x I A
AU EG HEG5Eo] aparo] 23t} e4tstol o] A E =
A AA7) 2AENE 2 sk A s BT RES
<o, ES U 7715 & pHoll whet A= ohE HE S
=, At4y, ANeeY 2 (Hydroxyl radical, OH - ) 2 £-5f| %]
=0 (Petigara et al. 2002), = A AN A ARERF AIFESFZ
A (7= o Sphagnum peat 5%, pH: 6.0 £0.5) A=
TRk A7E ESF Hofl A whaA] 3t A4 s weiE A
© 2 WAETH(Gil et al. 2011).

2 g7l E 24 AdiElEd o] o mE EYC]
pHRO] ZARE| AR, 734t - 74 7] & oot Afalti el =

(2017)2 74t 3A7] dE0] EG
0] 2w+ (CEC; Cation Exchange Capacity)’g: HotA] 7
A7} Eo] B9 §7198 S B pH 9F 5

- O

rr
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A& 113 9 (Curtin and Trolove 2013), & AF-2] A3t
L AT E A S| 1k o2 eEEE sk
77} 45702 EoF pHO| WISHE ST 4 oS B
ofjet 7Mo% EAS uHE 4 glon), E9Fe] pH ¢
2lo] 2442 4 9&-S oJulgict. ] pHot pH
59, 24 5 Eore] 2. sjeka 4do] Eo] 4
st Asieb sl ek daEel itk A
& o} (Cai et al. 2017), SFSHA}TL & T &

B

95487t Ak A4 A R Uo7} P kimi©] A
¥ Fig. 2, Table 137} 2o m 9Hd=/d
0] P kimi®] AFgET Aheko] vl A=
Q3F2 Figs. 3, 4, Tables 1, 2+ Aot 345457 2t A
Z P kimi®] AFEE2 A4} 4 B 5,000 mg kg_1 soil
dry wt. o140 sIoflA thxaw FA & folet 2}
o]5 HoH (p<0.05), FEULE] H-F 5,000 mg kg
soil dry wt. 01/ 9] ‘FollA R Ad5o] APdshlth(Fig.
2). o|eF FAFSHA RSB & AT P kimi ] A
E2 A4t gH4F 5,000 mg kg_] soil dry wt. O|AL9] =L o
At 2 o7 2ol S HA o H, PR Yoke= 2,500
mg kg_1 soil dry wt. OJAFS] FILoA] T 2t a7 2}o]
£ Hh(p<0.05) (Fig. 3). 5,000mg kg " soil dry wt.2] &
AL &4t R Yot Ao A o frolet 54 Jdt 34
¢ ESf pH kS e uf, ale o] A4 fHE Y
oF 2| 2ol A P kimi 35 AEEC] S7= ESF pH WS}
of 7191%t Ao 7 WrHET} EOF pH Wole} EE7| 2] A}
HEC] A tishiA= Bets] 4 A FAIT, Jaeger
and Eisenbeis (1984 )= EoF pH” } ot o] et ventral
tube S FR FE7|0] 7 F4E2 Hasto] Ha 9 AL
W& doxIthal HSHITE P kimi®t - Onychiuridae

tof| &5k= Onychiurus yaodais ©1-83 A@NAE ESF
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Fig. 2. Numbers (per container; mean=+S.D.) of survivors of Paronychiurus kimi adults 7-d after exposure to nitric acid (a), sulfuric acid (b),
hydrogen peroxide (c), and ammonia solution (d) in artificial soil. Ten P kimi adults were inoculated in each container. Different letters in each
graphic panel represent significant differences between treatments (Tukey's post hoc tests, p=0.05).

Table 1. LCs estimates (mg kg™') with 95% confidence limit for
the effects on survival of Paronychiurus kimi adults 7-d and 28-d
after exposure to different concentrations of nitric acid, sulfuric
acid, hydrogen peroxide, and ammonia solution in artificial soil

Substance 7-d LCso® 28-d LCso
Nitric acid 5746 (5025~6755) 2703(N.AP)
Sulfuric acid 17956 (7904~119304) 5414 (N.A)
Hydrogen peroxide N.A. 3158 (1197~4528)
Ammonia solution 1616 (1252~2675) 859 (696~1077)

#LCso means median lethal concentration estimated by probit analysis.
°N.A. means not applicable.

pH7F4 015K o, SE7] Age] §AT S71E g

% 19T (Ke et al. 2004). ¥15 4714 EFolH o] B

ARYE T} S8 B4 Wate] B AT QAT o]l

3 ATFE2 STl JFt £ pH e EE] 9]
S

o
A 48 27 712 e 449 G N 4 9l

Table 2. 28-d NOEC, LOEC and ECs estimates (mg kg™') with
95% confidence limits for the effects on reproduction of Parony-
chiurus kimi adults after exposure to different concentrations of
nitric acid, sulfuric acid, hydrogen peroxide, and ammonia solution
in artificial soil

Substance NOEC®  LOEC? 28-d ECso”
Nitric acid =€ 3125 587 (424~750)
Sulfuric acid 2,500 5,000  2,148(1,256~3,039)
Hydrogen peroxide - 1,250 1,300(760~1,841)
Ammonia solution 125 250 216(-2,391~2,822)

*NOEC and LOEC represent no observed effect concentration and lowest
observed effect concentration, respectively.

PECso which means effective concentration 50%, is the concentration that
causes an 50% of an effect on reproduction of P kimi compared with a con-
trol.

“Cannot be determined because all the tested concentrations are significant-
ly different from the control.
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Fig. 3. Numbers (per container; mean£S.D.) of survivors of Paronychiurus kimi adults 28-d after exposure to nitric acid (a), sulfuric acid (b),
hydrogen peroxide (c), and ammonia solution (d) in artificial soil. Ten P kimi adults were initially inoculated in each container. Different letters
in each graphic panel represent significant differences between treatments (Tukey tests, p=0.05).

AL Ate] s o] whet Al ZLRo]

ZA 7
R |

| = (Sigmoid) FEI 2] 5k
FAaFAE Blom, ZH2F 312.5,5,000mg kg™ soil

o

dry wt. ©]/F9] sollA 27T} §-o5t 2fo]lE Bk
(p<0.05) (Fig. 3). H Yok Aol A= 250 mg kg ™'
soil dry wt. ©1/d2] FL oA {5 AAto] o] Fo 2] 2] ¢k
o, Hatal gite]] Hof] =2 542 B ME‘r(Flg 3).0

o T2 Avl= A AFT EEV| AW 8 24 7]

Amat ofjel, BE /]| £ pH 4E0] 12 Atz B
et £oF B S-S B phol dfsfo] A OE 43
o] W 7L 9o, ofof whet 54 ESF pHell thet
ot 455 7FA| 2L 1t} (van Straalen and Verhoef 1997;
McCauley et al. 2009). ©|2} Z2 Ao e = EF PEE2
AA2E A4S sat o}qa]- S= Ao S u]
Atk st AEE2 v A& 4ttt A& 183

goll ol-gsk=t|, A 2sk] th= P NME AES HE}

FL- Sl
pu

754 ©2019. Korean Society of Environmental Biology.

o] B B YA E £otof 617] wZolth(Jonsson et al.
2009). Hutson (1978)<> F. candida®] AY&+4=7} pH 5.2011A4]
7 ST WS M, Son et al. (2007)2 P, kimi2]
A& gl AlI7HAl ESF pH 27 (4.5, 5.75, 7)1l A A}
o|7F YUAIT 5 WA EF pHZF 5759w 7S ©

o} oFxrA] (weakly acidic) @] EF& Agsl= Zoz Byl

SHATk. P kimi7} 0|9} 22 AE EAS A1 9)7] R
o, 2 AFA P kimi®] 4% AL AT} Fito] oJ5h
EOF pH AR T ot Yool o]t B9 pH 7] o]

2 e we Fow vekd,

Ak i AR T 2 pHO| 91T Aol gl
g 1), B2 Pl A8 *J%# B0 of
H AT (Tables 1,2). 019t &2 A=
At %H‘_}Oﬂ 4?} =790] E pHet Eﬂﬁ‘ﬂ e 4
Aol Bl gHito] 23t A ¥ of ofmjgte} AA E

o]0 o
E =
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Fig. 4. Numbers (per container; mean=+S.D.) of offspring produced by P kimi adults 28-d after exposure to nitric acid (a), sulfuric acid (b),
hydrogen peroxide (c), and ammonia solution (d) in artificial soil expressed as percent compared to the reproduction in controls. The relation-
ship between juvenile production and concentration of substances requiring preparation for accidents was fitted using the logistic model

presented by Haanstra et al. (1985).

T2 0|83 A= Fitolo] SpitolHTE EQF
=] §71E ol Tl B w2 54 Eled,
ol Ftol2o] Aol et Eqk ¢ wol S2E o]
E nEol vnd A2 g 713 Aer FAHEHSI
TH(Lv et al. 2014; Liu et al. 2017). H| = 0] 7Fo] £A4] JgF
of sl Eets] gl A ofx|gh & Ao A=
At tfE[EEE] Eqke] 49 Al AYH EdEC o)

3
=/goll Zpol7h A o= e St

Wteleaol et §A=EEF 23 M 2 v
21 10,000 mg kg™ soil dry wt.7HA] 5-2] AFGE-2 Tt
I} frolgt Afol g Holz] ko 10% ©|5+ATt (Fig. 2).
hrtetaeao] tieh RHd=AJ% 7 23 LCso #42 3,158 mg
kg™ soil dry wt.©] 2107 (Table 1), 2,500 mg kg " soil dry wt.
olFo] FrollA izt o3t 2ol E At (Fig. 2).

289 T Aol g2 75 = steal] Fof wt
2t A|ZLRolE FH o] FolE4 GAFAE HAoH

(Fig. 3), ECso At 1,300 mg kg™ soil dry wt.©] 21T} (Table
2). THtslR o] O3t EQF pH WISteL whikShe A7t Bk
ol wh=A 23 4z FefiE s 22T w0 (Gil
etal. 2011), & Aol A AR ZH4E- A7 BdET=
o= E9F pH Helel |F W Abzof of%t =4
L R0z g s EoRo R G Bt
L pe) el SrERA JEe] 2T 54 1

Y+ 4kttt 2-E A3 S (Nunoshiba et al. 1999; Chae
et al. 2020), ©] W A== Attt g o] e EG
pHe} R71& el ool 2 Htt (Bissey et al. 2006). &
Aol A TSR A O] FAE TR A 7ol T ol A
A3H patelet ol ofsto] Wi H Zo= Helrt 9t

oL
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3|
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3
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http://www.koseb.org 755



I I
Korean J. Environ. Biol. 37(4) : 749-758 (2019)

SkapaLe] oJjt SFehEA O] fE2 vt EgolA] A
& 4 qlom, Eqkol whet AAE AN} e o] of

olof] whg =% theFstA yehd Aol 1= dpit
Shaof o9t SFetAtaL Al 4ROl E40& alddsto] Abal
=42 9] JaF2 F7Isfof gt

WA AT 9l Qof® AHH[EEE] o7t E
o] 2|4 B4 Wil ot EE7| 9] APGET Aol
T 2 Sl HIE 2 Aol A AfardiEEE Sl 9
e EG Ul f71E #ekE SA 6= LA S}
A W 7 7A7) EEEN ESO WS 5 e
o, @2 F EY f7120] o= s Ao s wteEnt
(Leifeld and Kogel-Knabner 2001; Jeon et al. 2017). Son et al
(2007)2 AAA =7oA F71=9] kol 10%0l4 7
Aol whet P kimi®] 289 Attt AAaghks Helow,
Eaton et al. (2004)= ©Fe] ZANAE f7]&E9] A7 &
E7] iAol AR kS Bl

03

A2 RISttt Atar
tulEdEe] ot f71E AAet #HEH A5 1Y
o, B AL AT P kimie TAE 7= T 95
A& AFFE ARt AR ks w2 AoR o
chel ot
~ [}

2 Aol HA-2 ALl SHiE FR U ok ab4telgeAnof|
et A5 H7HE oAl /‘}J_—’EH ]E’éﬂ‘éoﬂ et 71=

S E 7] (Paronychiurus kimi) & ©|-83t el 5H 7 48
seick 7971e] s8I0} 2897ke] RIS AL
£ 495900, AFE SEo] B Bl pH S
DSk Bre] pr A4, A, TSk, R
oF4=2] ‘F=7} 10,000 mg kg soil dry wt. & ﬂi, 7—]"211' 2.86,
2.72,7.18,9.69°1 e}, A4t 4, I teke 4,
off tigt RH=A87F A, LCso A2 242 2,703, 5,414,
3,158, 859 mg kg ™" soil dry wt.©] 2.2, P kimi®] Atgt Z=of]
tHSF ECso 342 242t 587, 2,148, 1,300, 216 mg kg_1 soil dry
wt.o| ek BIE 2 Ao A e Al EdEo] fdol
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