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Abstract: Rare earth elements (REE) are increasingly being used in agriculture and high technology materials
worldwide. Massive exploitation and use of REEs have inevitably led to their large-scale releasing into aquatic eco-
systems, resulting in various environmental issues. In this study, we collected the acute toxicity data (half lethal/
effect concentration, L(E)C,,) and chronic toxicity data (no observed effect concentration, NOEC) of lanthanum to
calculate predicted no effect concentration (PNEC). The results were compared between the assessment factor meth-

od and species sensitive distribution method (SSD). The uncertainties of the data and methods were discussed. The
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Anning River in Sichuan Province was selected as a case study. The ecological risks of river water were character-

ized by risk quotient. The results showed that the acute and chronic PNEC derived by the assessment factor method
were 1.180 pg-L™" and 4.000 pg-L™", respectively. The PNEC derived by SSD method based on the acute toxicity
data of L(E)C,, was 42.770 pg-L™", while it was 2.032 pug-L™" calculating with an acute to chronic ratio (ACR).

The ACR-SSD method was relatively feasible when the chronic toxicology data size is far from the requirements

for SSD construction. Assessment of lanthanum toxicity in Anning River found that risk quotient (RQ) values were

significantly higher than 0.1, indicating that the adverse effects of lanthanum should be not ignored.

Keywords : lanthanum; acute and chronic toxicity; ecological risk; PNEC

IR # + JC K (rare earth elements, REE)#{ 1A
R G, AL G T 15 Rl R OT R (La
~ Lu) Bu(Se)FEz()™ . Frf i R TR Ak
HRAE H 2, HA R [R) A 2 RO ABL Y A
R AR F PR D AR AR /N 22 5B BT DA
APIRTR R TR AT RE , I B R 1 XK
A E AR S, A5 51t T REE K
A AR SRR OCSCHR , b Rt R 2 TR,
Jeahyy SR 2R R 2 0 2 Ak A=Y, Bl
IR ER A BT A A W R M H T
A, Bk 2 1 4 S ARG ) L B ) 4
HEA KRS T ELAR 2 PR 5 vh BLAT SRRSO, PR
Fiis 1 TCZ R 7K AR A A R 1 52 i) B H A 25 AU vz 5 |
B, BT LA

DU E S KM L W8I, W 1 iR = 2
ST TEGIL R AR R T B AEE B TR
W R L TO R, A T KRER R i, 4
AT THEAR PP 5 T B IR | V28 7 0] S e Tl 7
Tz HERR AT HE A 91 32 FR KR fl R I TK il S
B HPT S A FES B A RE R, 4L
N T, A R Z T S K R 215
Y] BEKFE 2 HNO, Ab B I 2 s 1 ik
287 ~917 pg-L™", R AR5 Y SR AE Y 38 i ~
289.9 5, 27 ) g de e A VT 1 I AR A B
BREIX H A AR PREE Y o i B4 6 R BV R e
o5 ) I NI 8 = L N7 S P 1 2 0 G R L B e %
S R U SN N (S A= o s A

H i + 7038 1 Bt = A OCIR IR IK B bm i, X
AR ZS AU 1 T 3 R H PR B8 7000 vk BE (predicted
exposure concentration, PEC)FI i JC R 1 & (pre-
dicted no effect concentration, PNEC) %) XU & (risk
quotient, RQ), T PNEC A5 n % FHPEHr A 7%
(assessment factor, AF)FIJE T4 Fh BUE% B 5345 (spe-
cies sensitivity distribution, SSD)&IT4MfEZET . N

Gu PR PEMN A FIikiH R T 15 Moo i m
PNEC, I FH XU B 2R AE T BR VLI A W vh i) 4
AR, S5 5 BE PR AU Y R R PNEC 1T
TR AN TR 253 i) A 25 RS PP 19 245 SR PR e A
TP B A7 VR e BN T RN AL i
JR(ECHA) & i (1 AU P-4 4 AR 5 0 ) (TGD) 4
W, SSD %S PNEC I i FH Jo LS A% 10 ¥k B2 (3L
I KICAE & ) (no observed effect concentration,
NOEC), [mIW R FHPEA PR -3 ), 18 1 2 M 8 1)
NOEC 1% 10% #L 0 ¥ B (10% effect concentration,
EC, )T St 35 P E 8 1 B (800 e (half le-
thal/effect concentration, L(E)C,,) FY 4 545 5, A
T B R S R A 4 A A R s o U (L
BEPEEAR R R kD | R [ 9 22 2K AR A8 KU DE A
A4 o O 2 L(E)C,, #E4T SSD WY SEit4h
HET Sk L(E)Cs, HEREE R0 T 2t s AU
VEAY, MRG0 3R S i 15 Y 38 R I Ik B
KA EE M aa s Y, PR S B M KU PR AR
PR KA B L 4, IUAT AT R FH 2008 4 3 4 L (a-
cute to chronic ratio, ACR)% 5 47§ g i 4k , 15
F 52U Z5 R AR LIIE
FRAFFEARRT 4 22 9 M - JC R B (La) R ], 53 501 12
P NOEC Itk L(E)Cy, MR R HA R 193+
FITEMES: PNEC, SR 70 B PR B A IR S L T
i 76 PNEC #E0Y P77 . JF 0 #0114
T La K AE SRS PEA b, L 2t v XU PPN
S5 L 22 SRR AR A R Bf o 1, DA R 28 77 ]
T A S KU PR SRR AR

1 ## 57 % (Materials and methods)
L1 dEPEE s 5 ik

FEMEBOIE (R 1 FIER 2) EZORUET Web of Sci-
ence SFEIHE FE AR 2 B B9 AN T & RSOk, s v i
Ve Hl ECHA & Aii (i) TGD Hr i 2R 1" A v o
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P DGR AT S8 PR A JE I X ] — P A
[F)BEEZE R, WERA 24~ L(E)Cy, {H B 5525054 , I
THE U8 X T [ — P Rl AR Rl B i,
VPR S U B 2 i1

1.2 FH0I JE a8 e BE i 1A

PNEC #5 Al 2k I PP B+ 1 1 SSD 4t it4h
LT PN Rk B B/ D EEMEEBR DL AF (I
PNEC, /S [ ] T X 2 (¥ AF JU(E L 3% 307 A
SCISCEE ) U B NOEC B & T RE K 3 4>
BEFRH 02 1 M BE, T AF B 10,
L(E)C;, Bt 1 #138 JoEHESh W A2 i 2k
BEVERE , ISR AF BUT 000,

SSD & —Fh 8 {5 BB m M Ge 27 A 1 1%
D7 FH 5 R 4 B i HL AT S A 08 1k B 1 A
AR IR T2 R s 2 A 5T T I — ek
NOEC", NOEC Jt i AR U, AT 1 5 fo {22 2%
e (lowest observed effect concentration, LOEC) ,
B K 2 5 W) W B (maximum acceptable toxicant

concentration, MATC)u{, EC,,"", 18 M5 ds =
B, AR A ACR X 2SI 175741k, Ahlers 46
WAL T 245 FhEBURA A 236 FhiL & Wm0 PR
AT T ACR IIBFSE, T B 90% FR 47K P 1 7K
HBRG ACR 11052, Higkmbaw 2/ 0F 2
AN EFR YU YR I ACR RS2
Fif sz, H 28 55 0F 5 R ]l TGD 8 7 4 5 45 A AH
Mo FA SRR 2 AR M R AR AN R, i
A5 Bt HAT AT e SO I ACR=1052,

TDG 2R SSD U145 %t 2 /0 A0 5 SURR S A
H 8 AP AR T 38 [ P 5% PR 47 )R (United: States
Environmental Protection Agency, US EPA)%::K 37 i
R A 3 T8 B ABESEF NOEC $dia{X
55 AW, IR EAT SSD 45, AU 2t
L(E)Cs, #1744 F1 PNEC #E'%, IR H ACR il
TR R e 4

H Al B A £ X LS SSD A% 7l 5% £ 1) B A i
W], PR G LG i e s S 80EMAES L

F1 XEBESBRY T (La) BB ML WER R E (NOEC) i

Table 1 Biological chronic toxicity data of no observed effect concentration (NOEC) value of
lanthanum (La) for sensitive species in reference literature
A= WS YFh 7 2 I 1) REPEL N NOEC 27 30k
No. Element Species Exposure time Endpoint Apg-L™")  Reference
1 2% Microalgae Scenedesmus obliquus 72 h K Growth rate 2 500 [15]
2 Daphnia magna 14 d % Reproduction 99 [16]
3 FH 522 Crustaceans Daphnia carinata 21d BLT Mortality 40 [17]
4 Ceriodaphnia dubia 7d % Reproduction 50 B]
5 125 Fishes Cyprinus carpio 21d SET Mortality 260 B]
F2 XEREHEYF La WA L(E) C,, #iiE
Table 2 Biological acute toxicity data of L(E)C,, value of La for sensitive species in reference literature
5 iEs YT 7 7 I [1]) FEPELR L(E)Cs, Z:7% 30k
No. Element Species Exposure time Endpoint Nug-LY) Reference
1 S Scenedesmus subspicatus 72 h YA K Cell growth 13 000 3]
2 Microalgae Chlorella vulgaris 72 h i A= Cell growth 47 130 [18]
3 Daphnia similis 48 h SET Mortality 12 920 [18]
4 Gibnes Daphnia carinata 48 h FET Mortality 1180 [17]
5 Crustaceans Hyalella azteca 7d SET- Mortality 1 665 [19]
6 Thamnocephalus platyurus 24 h SET- Mortality 34 600 [20]
7 a2 Danio rerio 96 h SET Mortality 23 000 B3]
8 Fishes Oncorhynchus mykiss 72 h HET Mortality 68 311 [21]
9 AR Hydrocharis dubia 7d 42 Chlorophyll 2778 22]

Macrophytes
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Tk W TR (R BR)RE AR 53 A bR R 45 TE 25731 bR
0 Logistic 7341 BREL = 734 540041 BT Weibull
GyAEER  ARSCRI originpro 9.1 #1451 La [ SSD
it £&, >k H Logistic , LogNormal , Maxwell-Boltzmann
Gompertz ,Weibull 1 Hill 25 PR AR THIZEAEL 5.

L SSD #l45 HT £ 1) 5% 47 % ¥4 Y ¥k J¥ (hazard-
ous concentration for 5% the species, HC,), B £ 4
95% HEW G QYU I, HEAT PNEC 147

5% SSD(HC, )

ST AF (1)
K AF BUEN 1 ~ 5, R T H#E T 001 AR
FE, 0 AF BUE<S THATIEA 3], AF A9 BUE
5 I (1) A 1) A T 5 R 9 R 5 1 T PR 2
Q) B T IR 25 (1) W Fh Z FEE AR SR M ; G)fk 2= i 1Y
BEPEAEI 2 (4 HC, et HE S A0 € 1 5 (5) 58
0 5 B 5 IR B ) 25
1.3 R iR KCRAE 5504

MR T 5 2 T X T b 43
ATRE L, A3 AL T 0 S 0 DX S v A
BE 16 ARAEW (& 1), T 2020 45 1 A FHRK
ARAE 0 ~20 om HIFRIK FEALZE 045 wm BSTRET 4
UEIE RS 2 T O R IE Ve T R O, Jf
Mt % pH<2, % & 4 CIRAE, FERLAY La & iR ]
HLUBO & 45 8 IS (X (ICP-MS, 56 16 PE A F
Nexion2000)#l & , ML 75 % 2% (R #h 4 £ v
SEMT TR H 30 F 444 A on E I E ) (GB/T

PNEC

14506.30—2010), i# &k P47 0UEE 25 FAEFUIAR 4]
WOR BTS2 50 N ER Y B e Aa ], B 10 A i S T =
— K2 FRE, R AR AR AR A 2218 T 5% , PRIIE
F I SAIFERR HE M e 00 LN, I HoAR M 2 Al 56 &
B44>0.9995 , inbr FIE 90% ~110% .,
1.4 A AU ) ZRAE

K FH R (L9 R R AE A 25 AU, T R T

MEC
PQZW 2)

KA . MEC Ry SEIPA VR FE (g - L™') ; PNEC A il i
TEREHE I (g - L") s RQ S MU R

HRAE RQ B A= AU 431y 3 454 . i MUK (RQ =
1) AR UKL (1 >RQ = 0.1) FIMIR KUK (RQ<0.1)7,

2 452 (Results)
2.1 SSD HiZkhy2: il

& H Logistic . LogNormal , Maxwell-Boltzmann ,
Gompertz 1 Hill 55 sR% 731 % La (9 201 L(E)Cy,
B TS, LA 45 RN EE 4 FoR, Hidb il
Hill BEAEL G R8CR e fE . i Hill A5 1% SSD iHfy
L(F )T AYE HC, 21385 pg-L™', HT1E
PEEAE R RHFTHAE . L(E)Cy, SR PN = v B
TGS R % HC R RETS T 95% 12ED)
FEEASZ La 2PEREMEN G E . 5ASCBUEER T
s b, Hm T T 80% ¥ Fh i NOEC {H, AT WLAY
AR 2VEREE 25 A JE MR R AR e 4

£33 FMERARE (PNEC) B B FEUE

Table 3 Assessment factors to derive a predicted no effect concentration (PNEC)

a] A
Available data

RIS

Assessment factor

E/D—H2k A T3 TCH MDY (RS R AR SR —H TR R AR L(E)C,,

At least one short-term L(E)Cy, from each of three trophic levels 1 000

(fish, invertebrates (preferred Daphnia) and algae)

BRI B — P PERE AU (EC, . T NOECs)
One long-term EC,; or NOEC (either fish or Daphnia)
2 AR 2 D ETREA YRRt 2 RIS AR (EC,, 5 NOECs)

Two long-term results (e.g. EC,, or NOECs) from species representing 50

100

two trophic levels (fish and/or Daphnia and/or algae)
ZPREIER 3 DEFHNPRN(—RADIE R FRISFHEZ) 8 MR R (EC), 5 NOECs)
Long-term results (e.g. EC,, or NOECs) from at least three species (normally fish, 10

Daphnia and algae) representing three trophic levels

YR U 3 A (SSD)J7

Species sensitivity distribution (SSD) method

5 ~ 1(FARIE A R BT TALIE)
(to be fully justified case by case)
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R4 AREEEME La iy SSD Hk 4R
Table 4 The results of SSD curves for La by
different models and different data

Hpm e Rl i
R P

Data type Model
Logistic 0.9646 <001
LogNormal 09402 <0.01
Maxwell-Boltzmann 0.9656 <0.01

L(E)Cs,

Gompertz 09700 <0.01
Hill 09704 <001

HRTrEE

Sample site of the Anning River

2.2 TR JCRL N e R R
P IR AT B 25 80 1 T PNEC #E R 19 AF
i, BUE R 5 rn, ASCH NOEC #atu s THE
3R 3 A H IR 02 1 5 R B, B AF B 10,
L(E)Cs, dlif0 5 7 28 JoEHESh W A 2tk
B B AF BU1 000,

FLABA R e e S 25 vl A YA ik
(1) PNEC, 3% 32 WA 19 mT B 52 e, AR SCrp 2
PEECE RS PR B H A 5 T R 2R A ] 8 B
TORIRIN AF {H, #5049 S M F2 4 PNEC 4391 8
1.180 pg-L7'Fi14.000 pg-L™', RH&M LE)C,, #
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Fig. 2 Species sensitivity distribution (SSD)
model of acute toxicity of La to different aquatic

organisms based on L(E)C,, data

ISR R AN E 1, R Es & T 8w
AN 2 PR 1, RORR 8 P 00T 0 4 5 2 R T
5o BT T S MR M B U R 4 O B2 e
(Daphnia carinata), [AVFA PR~ Hh PNEC HYTH545
RAFTERR 2 5, AT WAZ D7 A E R S . 5
Gu " HIE ) PNEC HL&, i T A [R5 5 i i
TERHE Y 22 7 BT HER AR AR, [RIRHZ AL
FH 2 H s A 3% /NER 8 (Chlorella autotrophica)
FE Sk RIS ML (Raphidocelis subcapitata) 34 by i3 7
B, I BR IR A5 KRS 3 A7 v A L 25 SR A 1
PETE, AT DLIEH PRl 10 52 A0 5 28 A T 1) e
BRG0P A R SRR 22 5, AN ]
ST AT L 2% .

SSD {4 PNEC A Jaj BTl HIECH H fe IR
BRI, SR &M LE)C,, #ESH PNEC J
B 01 JC AN Ve B | LU B e Oy 42770 gL

CL A T 58 22 BH /K S 855 rp 8 s 4 0 200k B 1 iKY
R 2 A A R R 0 2 R T A0 A DR S AR
SR PNEC A2 DLPE Y HoK A SRR, >R H
ACR=1052%"%} SSD g M4t 11444k, 115545
R 2032 pg L7 HARF KR 90% , 25 b H,
e R PE RO B = B E LT, R Al ACR-SSD %
AT PNEC HE R AR AT AT 19 7k

2.3 KA KM H

TR RO B R AR PR T R B A RS 1
WA KA 0 BoAH SCHs 4k, B FRTEATF &
s = TCP 2R, 8 TR 75 Y AP TR BRI
ARSCVLAE TR A R 25 5 X La KA SR
B dEA T MY

TR La B w4 3 R T
] PN B A D 00 R A AR AR S K
K R S AESEAT P o La 2 0.05 wg L7,
P 3 AT, ST 1 4 0] G W T La 2 44 e #
HRVKR TR, NSRS LA, S8 #i £ Tl
X R ZKAR La & i die s, BUAL, 60 THEA- PR
T IX YL T SR R T BL(S4 ~ S5), La 15 YL FEE 4
HAlm B ™, HP L S5 &R, TE 5K
BRI TCE I & v K B Rl A oG, KW
KR TR K ] S5 i & oy KA
T, 1 BOKAARTG Y 78T IR Bl AN [ R B
LT La 154, Al g 5% XA A =M A 5%

I FH 2.2 1 PNEC AT 25 R X 22 T A7 A=
BB FAE , A RFES A RQ (AN 4 ik, HK 4
AT, 22730 i A T TR 1) L P8k 7K AE 25 XURS: Y 4k T
SRR D O o <115 o YT LR =K e PN N DY
= Tl B DX R AR BT IR XU (5 s, A DL 22
T KRR 75 Y ) B LA T o, 4 A

x5 WMWEBMKE(PNEC) HERER
Table 5 The deriving result of predicted no effect concentration (PNEC)

TSR YA (pg - L 2R IRN T T
¥ A C i b e LD PNEC
Toxicity data for Method of Assessment
No. Data type ) Apg-Lh)
calculation/(pg-L™") calculation factor
1 M L(E)C,, Acute toxicity data of L(E)Cs, 1 180.00 AF 1 000 1.180
2 2 NOECs Chronic toxicity data of NOECs 40.00 AF 10 4.000
3 2 L(E)Cs, Acute toxicity data of L(E)Cs, 21385 SSD 5 42.770
4 M L(E)C,, Acute toxicity data of L(E)Cs, 21385 ACR-SSD 105 2(ACR) 2032
5 £ L(E)C,, Acute toxicity data of L(E)Cs, 1 665.00 AF 1 000 1,665

T AF FR PO N i, SSD SRR MR BUREZ 73 A1 15, ACR R G Mgk bE

Note: AF is assessment factor; SSD is species sensitivity distribution; ACR is acute to chronic ratio.
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Fig. 4 The risk quotient (RQ) values calculated by different

PNEC for La at each sampling site of Anning River

Xof 4 ] £ S TR A 110 VR 5 1 3R ) 2 e 2R A
A L[] DRl AT A LG, %o Eb D77 s R, 2R
O 82 Fh R 2 52 Flr, ZE AN [R) X 38 1 45 73 2 B ot
YA AR, HA A RO R, B &
A SR IR 4 Ay XU A8 45 4 it , DA S ik — 20 52 a4 L
TR AR R4,

I FHAS [ 7 2 RS B (A 4 235 SR 004 7 XU

Wl WL, SRR ] TR A R B N AT
PR SRy R P v . SSD ik #E T 1) 2t PNEC
DRAP TR E f I, B8 1R 5l XU, P A1 45 2R B A —
NEEH, R ACR-SSD ¥ HEAT VT Hi 1Y 45 R0k
U IR AS PR B = B O T 20T IR R AT

3 138 ( Discussion)

A SR FHAS [ 1) B PR 4 A TR A 1585
#ES: T KIK La ) PNEC, HiTHSZ5R AT PEH A
T2 A B 2 R, Gu P ZE TN BRI
T TTR Y s = XU v, 3 o T A R TR
PNEC, HoRH T 4 NEBE 7 P4 910 L(B)C,,
FEE O, Fe /N B0 U T Borgmann 251 R H
i /& B (Hyalella azteca) ) 7 d B PESZI0 45 9, A
1665 pg-L ™" A SR /N L(E)Cy, B PEEHE
N Daphnia carinata 1Y 48 h BEPESZIRZE 4 1 180
pg L7 AT LR O WS AR Th AN [ 90 3 R R W AR
(T BAEAS TR, 2 100 7 B T PR S SR 22 55, A
[ b () 2 8 PR F TR & = A 2 57, Rk
W R 28 M B 1 S U R0 320 h Daphnia cart-
nata, [HL ¥ T 45 B B R 2P AN vk PNEC 43 51 A
1.180 wg-L'f14.000 wg-L™", A W28k T
ANG PR R, WO A R RS W BB AL
FTHTS BB B B0 . Ak, K 280005 G 1Y) 55
PRAZ R AR S T — SRR SR A, R Dy
R HMEFERIMEL , s e A IS YA 1R = i fUsk
ARERGREFEEIEN LS RGNSV, R AR
BB AR N A BOHE A PR )
T, 2 S R A T KU DA, S AR
AW B, AU PEA AN S

SSD ¥k SIFM HF ik L, il ad e 24 0 ik
PNEC #E AU T e AR B 3% 05 1% 1
FH 2R AR H ] 58 018 R s M8 (R T 7
A B e = S PERE R 2R 2 L(E)C,,
HEATPEM Y SRRV IE T W P UM 43 A VAN
K = A b DX R K T BE A 2 XURS: B 3 S ) T3
Wy b 38 FH U A S P HC; =76.0 pg L7, 18
P HC, =590 wg L', AT 0L 2 Fie d: 5o )k
FH SSD #:#fE T HC, 22 K, 7E12 MU Bl =
AT DL AR EE Stk A 25 KU AN AS J2 DA 7K
HeAs2E 4, ARSCR A ACR X SSD 2 St k174
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