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Abstract: Wastewater generated in the secondary battery production process contains lithium and

high-concentration sulfate. Recently, as demand as demand for high-Ni precursors with high-energy

density has surged, nickel emission is also a concern. Lithium and sulfate are not included in the

current water pollutant discharge standard, so if they are not properly processed and discharged,

the negative effect on future environment may be great. Therefore, in this study, the ecotoxicity of

lithium, nickel, and sulfate, which are potential contaminants that can be discharged from the

secondary battery production process, was evaluated using water flea (Daphnia magna) and

luminescent bacteria (Alifvibrio fischeri). As a result of the ecotoxicity test, 24-hour and 48-hour

D. magna ECs, values of lithium were 18.2mg/L and 14.5mg/L, nickel EC50 values were 7.2mg/L
and 5.4mg/L, and sulfate ECs, values were 4,605.5mg /L and 4,345.0mg/L, respectively. In the case

of D. magna, it was found that there was a difference in ecotoxicity according to the contaminants

and exposure time (24 hours, 48 hours). Comparing the ECy; of D. magna for lithium, nickel, and
sulfate, the EC5, of nickel at 24h and 48h was 39.6-37.2% compared to lithium and 0.1-0.2% compared
to sulfate, which was the most toxic among the three substances. The difference appeared to be at a
similar level regardless of the exposure time. The ECs, of sulfate was 253.0-299.7% and 639.5-804.6%,
respectively, compared to lithium and nickel, showing the least toxicity among the three substances.

The 30-minute ECs, values of luminescent bacteria for lithium, nickel, and sulfate were 2,755.8mg /L,

74mg/L, and 66,047.3mg /L, respectively. Unlike nickel, it was confirmed that there was a difference

in sensitivity between D. magna and A. fischeri bacteria to lithium and sulfate. Studies on the mixture

toxicity of these substances are needed.

Keywords : Ecotoxicity, Discharged water, ECs, Lithium, Nickel, Sulfate
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A AAA SR o] A A 4bglo] sl A,

71 AsA 2 FHAskE R gEele HHE1E]-4
o5 FASH Z7Fska 9tk (Park et al. 2021;
Hwang 2021). whebA] o] A] Fol agh 4=
A Aol Stk A=, HEY A5 20154
177, 000%(LCE 7))ol 4] 20224 481,372 (LCE
7122 170% 5718kl em, 202597H4] 21E 9
A AAES w5 SOl 7HE =2 A o= ot
tHKORES 2016; POSRI 2018).

25 e = A, =A, Asid, Fejure
2 4] gL, o] & d=AE dEd AFA R
TAE A 2R gE AlxmoA gEat
AFEo kol Hler uiEE 4 glen, 229
= YA Y7} & High Ni A2 A4 42
7F 58t A YA wiE= f 5 Aot
(POSRI 2019). wetA 2] & el 2]e] Az 2 #7]

IR AT 4
=5 Ho A7 ‘3% ¥ 7] &2 At Tt 2
sitt, SHASE YRban|A}E o] ARESHE 2lE v E
7t O 29719k 3 Al 1Y H7 w2 vjEE
Al (Aral and Vecchio—Sadus 2008), <& A& 3t
s S T RV O S
9 o] 23 2l s B4 A ot Y
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SRlskal, A A9 A4 2lE T Y SeAe
72381 HChoi et al, 2019).
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S5, Qé H(R/O membrane), 0|18
o] _J—]_Q_O]_l,]— j_u]_g_oi o]OH /\«l;q
A gFot, 7|&9] F=H Ao A
2l e A Heto] nigiE|o] Q17] ok AAolot,
F7F A Al o] 3] 2G=7] A7 = B
gt 2] 52 707t A AR oA o] o] o
gk tf&llo] F a5},
R = 20119 s B AEE &
sto] 7] o|3fshA e ¢lEd | 9159 & &4
o Al AR & E = BE FHAEH 54
F4 0 &2 #heoh= 484 S412 a=dae|AlA
skt A WE R fofgeEd ] SRt
7k, AR s = e s
&3 87|ES *”éfi}t AL ol AJFKMOE

Irt
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My
rlo
nE

of -IN'
1101'

[¢]

4
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o At o ox o

A
ol

=
2009a)°] B2 AEEA Ale =AU Fal AV EH A
S| 7F A2HE 311. EHES o] 83t G454
H7HE Bl welEal o), AYHEA B A AE

H ECso are ol-8-ato] ATl TU(TOX1C Unit)
2 3Mslal, vjE: AEHEA 7ES wiEE s XY

(34, 7}, o, EHAH)ol| ufet 1TU, OTUR A5}
AL Qi

o2 A AAE T oA BiEE 4= Sl A A8l
S S T At A EEEE, 2
WHE, YA, Wbl tist S (Daphnia magna)
=4 H7HBozich et al, 2017), 2l&ol digt 3o
A=A H7HViana et al, 2020), o152} EY o]
o digt A% 7HKazos et al. 2003), UZof vt

AMA @70l TEZOL 7he Tl Fof Ao
38 7HWang et al. 2020), HAEol| w4
oAk 0] 38k(Elphick et al, 2011; Karjalainen
al. 2021) = st 77} A WA o]S B

Aol ofgt AYEA iAol A&A o r =0)F o]
ok, A= A TI‘OH A5 AHEY T 4
7 HE H4EES o830l SElol ghov, 1
A3k 3 o] afel o o7} shels Aol
D.magnas 3% ECs2 2.3mg/LoJ A 197mg/L
2ot Hee Huwa glom, YA 54
3F 2l EET kil A oy, HiE ECx°l
0.65mg/L—5.Tmg/L =22 Ao wa} 1 gk

alo] &2 Helth(Environment Canada, 2000; Aral
and Vecchio—Sadus, 2008; Okamotoa et al, 2014;
Kim et al. 2017; Michalaki et al. 2022). 3fjoFZ2l
A, fischerig ©|-&3F U] thet Aej=s/d A+ A,

ECx©] 1.39mg/L, IC500] 0.265 mg/L w02 K
3% v} 9l 0 (Lee et al., 2022; Hsieh et al, 2004),

gl 5ol Sk T B4 A, fischeri 54 AT
= o] A3YE]A] 9kglth(Abbas et al, 2018).

Ho =z o)A A T A FafEde] thek A
flaf/go] obx|aL, o5 Z&ol| tiet AAH S e
7b B ast A4, Ad) A An=9) Afo|eh
AR BA 58 ECo o83 TU 9= vi=
T AH5715S AAstke T 712l doivt 2
g lom A Aes/do] Wasgle o Yd=d
& ke Hol® ofgeo] Atk E3 ®
Ao A B E = A7t s 22 EA
EE0]aL Sty s fat o] R Tt S A
ool WR7E o] FolA| AL QlofA, Haegel %H:]'—E‘T
ke g 54e Wrkshet Fevt whEn, g
o]-§-3t =47t E3F a2 Eojof Fith,

kA 2 Ao A e B4F B S (Daphnia
magna) @]l fell= 2ol tigt vlzHgdo] Hold s
Z0] Wbl 2ol Aliivibrio fischer))S ©]-8-5}o]
2l& i g Aol A TAshs 8 e AEA
ﬂ%— §]’/\]—0d_1,]— 1/]7-“_4 E/\‘] .lﬂ7]—E /\oﬂo]-]_ /U-‘EH
545 o] &3t oA A wiE S ol 7 RARE
Al g5kt gt

1. EHZ(Daphnia magna) SEA#

EHEL LA A 9 1A JFHA dE A=
o & 7|7} &o} thEy] =gstar, Hold MY
7, EAAEA T UstA vkl AH S
H7to| At 5
H EHES
EF)A BE AFAYEFORZ I 2
¥ Z(Daphnia magna)©|™, = {87 7}shof| A
ot A8t

Zo|THKNIER, 2013). & A& o] A}
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Table 1. Composition of D.magna culture solution (KMOE, 2017)

R Patassium Chloride Magnesium sulfate Calcium sulfate dihydrate Sodium bicarbonate
(KC1) (MgSO,) (CaSO,-2H,0) (NaHCO3)
(mg/L) 8 120 120 192
BAEER e FELAT AR TIEY EHE 7ol Hlasl A&, WHEAdo] Fom, @ YA
& o &% FAE AR $3s G EHKMOE gt §F—ukso] f-3lsto] Arl=Ad 7ol At
2017), Algoll AR BB S Athuleket A% 2 FolH(Lee et al, 2008), = ol ARG HgHtE|
olFel U AA7E AARRE A% 244171 m|te] 7] 2lok= wl= MicrotoxAtell A 2% ez A=
7} &4gt ofd JiAlolH, Hol= FHolQl e & sto] Bulish= AlES ARt en, 9454 H7t
292 Chlorella vulgaris (10"cells/mL—10%cells/mL) = AL GFAA Y 7|2 drgaty| glolE o] 85t

@} H o] YOT (Yeast, Cerophyll(R), Trout chow
St E AAH|E E3tsto] ARSI AlE 24]
Hol|F Fo Al 5 Hort F= S 4

SS9t AF B BN sulel s 47)e] w

TE T, AFEHY] g2 50mLE 33Tt =H
S5 424 FAste] 24417, 48417 ¥R &
EH o] W JFHAL FFAH) Y H=E Bt
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HES: 550l ECy AW s e) o2 U]
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Table 2. Concentrations of substances used in toxicity test
according to exposure time

Test species Lithium Nickel Sulfate

(mg/L) (mg/L) (mg/L)

10 1 3,500

12 3 4,000

D.magna 14 5 4500

16 7 5,000

13 9 5,500
9} 100% YL nAL 2r HE Folgt T
ECso AP3& $l3o] 87) o] 449] 525 o] gslo] 4]
3319t E3E o] Mo UloA] EWES Ao AR

H]&0) 57w AAsto] lEAIZE H3to| whE
PFa westalzk skt D, magnad] ARt
g gk 7ol AHEE 2lE, UA 9 S =
= Table 29} 7t}

A A9E R =2 I (version 4.22)3 drc H7|
= 281 ECs,

>

=
£ 0]83)] dose—response curve=
Sy

% sk

=L

tHFigure 1),
At E Yol et 2EE5AHEH tolaE
AFLEREO] ECyo2 1.08mg/L (0.91mg—1.29mg/L)
2 e 71242 0.9mg/L-2. 1mg/LE THEs}
et
259 ECy 4hS 24h@} 48h 27 18.2(+0.70)

mg/L, 14.5(+0.28)mg/L& 20.3% 7adlo], =&

A7k 570l ket e AashuA sl
gt fleligo] F7Fsk= A & 4= AUSITHTable 3).
Aral and Vecchio—Sadus(2008)-2 2o djst &
7% =4 A olA LisSOE o83t A At
D. magna®l 24h ECsr& 33mg/L—197mg/LE &
338t v 9l o, 8- 3}eHE2 A (ECHA, European

Chemicals Agency)oll 55 A3+ E(LiC)2] A3

100 1

»
8
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Figure 1. Dose-response curve of D.magna at 24h and
48h for (a) Lithium, (b) Nickel, (c) Sulfate.

EHE/\-] 73_\,]‘_- E]_E—Z E/ﬂ og §]—/\ *5‘]-\5 48h ECJOL.
41,5 mg/L, NOEC 10,6mg/L & & g4 Ht} =&
£20]91 91} Okamoto et al, (2014)2] Ao A=
E T AvtEg U2 6,30-7.82mg/L o2 B
asto], AY 24 ol whef thar Aol F Hole A
©2 vepytth, E3F A o]9l Tubifex tubifex?)]
24h—96h ECsp 9.3—44 8mg/L, ©1521 Pimephales
promelas 26d ECsp& 1-6.4mg/LE ZAFE vl §lof,
Azt 2lgoll tiet 54d0] tha Afol7} 9l A
2 YelygthAral and Vecchio—Sadus 2008).
Uz 9] ECs #f-2 48holl+= 5.4(£0.17)mg/LE
24h 7.2(+0.30)mg/Le} B 5}o] 75% $SFO0 =
(Table ), &E3} wlaste] w247t Z7bo] uhet
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Table 3. ECs, of Li, Ni, and Sulfate on D. magna. Values in () are standard error.

Species Exposure Time Lithium (mg/L) Nickel (mg/L) Sulfate (mg/L)
24 hr 18.2 (£0.70) 7.2 (+0.30) 4605.5 (+64.49)
D.magna
48 hr 14.5 (£0.28) 5.4 (£0.17) 4,345.0 (+62.63)
400l B 2 Ao UEyt ojzlg AT Al UAS Foais d4e iEAele) e Ak,

Kim et al, (2017)] Y# 48h ECs, 3.85(3.83—-3.87)
Nimg/L 2t} tha: & o)t shAvE Yz 9] 7
¢ ol P Hhe Ao A Qe A
240mg/LolA Y72} 48h EC5°] 5, 7mg/LZ & 4
e} fFALSHA, A =7t 45mg/Lol A& 0.51mg/LE
o e o] Ao g W aEQthOkamoto et
al, 2014), ¥ AF oA AHEH EH S ko] 7
=7} (160-180)mgCaCOs/L Y& 112j3lH, 5.4
(£0.17)mg/Le] ECs 3> A =2 Fafo] A5t
HHd 9188 & 4= 91tk Bozich et al. (2017)2 0.4
mg/Le YA FEoA 9Y =& Al EHF0] 100%
AESIG O, 2F 219 ¥R $ 100% APEERGlaL
80.3% W 4] (Reproduction) 7F4x7} UrE}‘;,EEU%,
Pereira et al, (2017)& 21 ECx0] 0.059—-0.121mg/
LE REEglet, 54d0] 2= Faks vton &
Sk = SAIE STt gt A G R Qe Ho
Z9lt}. Mano and Shinohara(2020)-& U#2] &
Sof tigt E4do] pHY SER7 |84 FakS vte
o] 2 Qlsf Y+ ol sPof thste] ECs©] 0.52—
4,0mg/LE thefotA B2 4= 9l HojFo], 4

A 2 71 BAJo] ek A

Aol 2%t Y= AL soF A=

LN EC50——] 49 4,605.5(+64,49)mg/L}
4,345.0(+£62.63)mg/2 =E A7) wWE o]
6% WIREO R 2, U Blasf Ao A om
O]“ FAE O - mE At G A o

oo HojErh #9 $019 B9 1,207 mg/L o]}
4 FA FolA] Fafo] JFe W AoR U
A 910 (Karjalainen et al, 2021), KMOE (2009b)
o A= FAFA S &S ECso 3,000mg/L °]/,
20 o 0]20] BHE QYHYEA Jrl K*>HCO§
=Mg? >Cl >80 & 9331} 9lo], o] &
o] AO| vjEE Fofstofof gt UF HrAE Oﬂ o

A At 54 B3 A= ke e A
U A, ol5 EHY 54 B7F Al FYstofof
(Elphick et al, 2011).

2lE, YA, Skl tigt E8 59 ECsye Bl
ot U] 24hit}t 48h 9] ECse 2lEoll HIs) 39.6
—37.2%, B4t Bs|A= 0.1-0.2% TFO.2 A|
A b A

|
2
o}

ot lo
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Figure 2. Effects of exposure time on D.magna Immobilization rate(%) for (a) Lithium (b) Nickel (c) Sulfate.
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Table 4. ECy, of Li, Ni, and Sulfate on A. fischeri. Values in ( ) are standard error.

Species Exposure Time

Lithium (mg/L)

Nickel (mg/L) Sulfate (mg/L)

A.fischeri 30 min

2,755.8 (+257.47)

74 (0.51) 66,047.3 (+1520.49)

ol =EAIZEIL AFglo] AR ot Ak
O] ECso 2lE Yol wlaf 2k} 253.0-299.7%,
639.5-804.6% %02 AL 714 okl Aoz
LreRg T,

2E 54971 A3 2ol A EHE gt
G ERA] ehgron, wE& A vl Adls e
2l 10, 12, 14, 16, 18mg/LojA] H=d GAA &2
94h =20l 0%, 0%, 0%, 15%, 45%, 48h=Zol| A=
5%, 15%, 45%, 60%, 100%= JERY, =ZA|7F 27}
of wet FIAEE Eet F7IekelchFigure 2(a)).
E75| 24h =FolA FIFS EO]X] erd 10mg/L
SEOA] 48h =M= FFS W) AlFeto] 18
mg/L ol A& 100% oﬁo L}EM%E}. yd =
387t A= fARHA UEgtoH, dixtelA =
EulEo] gk ggke] glom, *@% =2l 8,5, 7,
Img/LolA T F-YA &S 24h A A 0%,
0%, 30%, 45%, 60%, 48h E%JOM% 0%, 10%,
45%, T5%, 100%2 =ZA|7F 2710 utet A &=
S7Fetath(Figure 2(b). 53] Img/L oAl
48h =& 100% FFS W= ACE Yyt on,
24h oAM= P Holx] ¢ Smg/L &
oAl 48A17E e Z oAl Y-S vlA]7] ARt
AR O] AL PR ErRo| digt T
LehtA) okgrom, gk AdisE 3,500, 4,000,
4,500, 5,000, 5,500mg/Lefl Thgt A s)&-& 24h9]

L 5%, 25%, 45%, 60%, 90%, 48 he] A< 10%,
35%, 50%, 5%, 100% 422291 71 ©.2 VeRdtt g%,
YA} v 2 =247 St w2 Aalg 3
7He kst oy, I Atole AR o g 22 Zo
2 UEbyt,
2. watHE|of SH=M Ft

215, U, 3k of )
2|5 9Jsto] st REEAH B tho|AEA e

Aol Al HE-EA1 7T 0

S Yo} 7191 0.6-1.3 THE, HHEA|S #HA}r}
1.5%2 7]%9] 3% 9=, BZFE2 305 vh3 5 A3
2 45%F 7)%0 20%-80%= &SI YE
7"“, it ol ﬂioH gt lobe] 30 W &

T g ECs

’

)
2lEol tieh dgatE 2ot H4=/d B2 A
AdEE el 500, 1,000, 2,000, 3,000, 4,000
mg/LoA 2482 2V 6%, 24%, 33%, 47%,
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Figure 3. Bioluminescence inhibition of A.fischerifor 30 min (a) Lithium, (b) Nickel, (c) Sulfate.
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