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Abstract; Lead (Pb) is recognized as a neurological toxicant. Up to date, Pb neurotoxicity
continues to be a major public health problem around the world, especially the link between early
developmental Pb exposure and neurological alterations. Zebrafish is considered as a useful model for
the identification of the association between early-life low-dose Pb exposure and neurological adverse
outcomes. In this study zebrafish embryos/larvae were used as research object and the test methods
of the behavioral effects including locomotor activity, rotation activity and social activity were

established with Zebrabox, which can systematically evaluate the neurobehavioral toxicity of early-life
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low-dose Pb exposure (referred from e-waste disposal sites). The normal zebrafish embryos were
selected and exposed to Pb at the concentrations of 0, 5, 10,20 pg- L™ until 6 dpf. The
developmental toxicity of zebrafish embryos/larvae was induced by Pb exposure, including the
decline of hatching rates and survival rates, and the malformation of yolk-edema, pericardial edema
and axial spinal curvature. Pb exposure had no significant impact on the locomotor activity and
rotation activity of the zebrafish larvae during the light illumination period. However, in the dark
conditions, the locomotor distance and the total rotation times of zebrafish larvae were decreased
significantly after exposume to 20 wg-L™' Pb, and the path angle and orientation preference did not
change. Different from the locomotor activity and rotation activity, in the dark conditions, Pb
exposure had no significant impact on the social activity of zebrafish larvae. However, the social
activity especially the contact times of zebrafish larvae were changed significantly with 20 pg-L™" Pb
exposure. Our results suggest that the behavioral indicators are not only sensitive enough to evaluate
the potential risk of Pb pollution at e-waste disposal sites, but can also be applied to establish novel
early warning system for health risk assessment.

Keywords : environmentally relevant concentrations, lead, locomotor activity, 'rotation ~activity,

social activity, zebrafish.

BEABHEOK - 18 P e R T ER, 1 H 8% 77l T 3 A G R K BRAE AT R B R L TR SR (waste
electrical and electronic equipment, WEEE or e-waste ) 7= A4 325 5%, FRij o B 1 % 779 7= 4 B O B3R
S E 7. 2015 AR o FE A 72 B L B S 2 800 JT I S TR 2020 4F AT 2030 4R 451
HE 1550 12840 JTIfiY WEEE ' AL 534 A S 4% , HAE I AR T e M 1 U o A L 7
IR S i 2 — 28 T E 0 T 4 T G W R R I R IR P I SR B A AL B I M R 0 B BR B A
SRR WA 2 AEAE R BRI A {3 ™ SR N YA 5 N T R 7 H 3 A [k
P T R IR B 6082.9 mg kg™, UM 45 5 3 B A 5k B VAR S R GE LA AL B
F1 e R ELA AR e XU ) W 452 A 9 38 A 56 T Jad 3 e T LA I, 21 DA H, 2 3 B e 4 b
R 3t 7K A 388 5 o8 T 8 T | e A T M AR 25 e A L e B e b R 2L
B A B T v 1) A 5 | BIF 5 4 OC TR H 1 I SR W i 3 b ) M B LB A I R
(4.40—32.67 pg- dL™' ¥{H 15.3 pg - dL') & & F 830 B M X (4.09—23.10 pg - dL™', 3 {H
9.94 pg-dL™) " BTN LB U VR L v 1 B 7 W e i Il AR 3 SR A OG , A6 A0 ok 2 75 M S H
PESEHIAR TR | ) LA 5 3 A T i i e A ) L R A 2 MR S 2 B B 30 4 I 3147

B AN 2 R4 BRI R e RE A T 54 32 JC T 10 T 20 St B () L. 3/ 45 R B 7 P27 1Y)
K& AT R ERER AR SIS PR B 15 Yo 75 5 b 20 B P B AR, A A 288 T LT i S 6 2 R
TRATIA S I 9 181 2 W 2 B R 0% 3 B 30 gl W) A ) BR84SR 0 0 2 608 7 e P il 145 288 1)
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B A R R ST R B R BRI B SRR R S A TN B A R R I, A
F 5% LABE S f0 IR B/ A A0 R 58 06 42, FIL T Zebrabox BN BIAT K2 i i , 4632 sha TR e shi s
NFRESEAT I, RGO T I BERSRAH O BE ( AR IR SR i 7 3 D 1)) 405 2 B O R 2247
BEPERONL. F T A5 R WA TR 248 b AR A R 08 1 R T ] T8 78 1 7 IR S0 i 3 M A 15 e 1)
TETE XU , 4 RE B4 b IR 55 T A SRR T A 755K

1 5 J7E (Materials and methods)

1.1 AR5
FEAYLAS : Zebrabox 17 Ml R 48 ( ViewPoint Life Science, 7 [H ) , SZX-16 AR 7355 ( Olympus,
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HAS) ,MGC-100P B G AREEFRAR (15, D) | H B ARS8 S50 2 HL A

FEAF . S KA EERRHT PHAC, 3H,0 (4l >99.5% ) W H 258 A (R ) | AR5 35) o [ 7=
e
1.2 Bt fiffin 25

JAEHF A A Tuebingen BE 51 ( Danio rerio) 2K H [R5 REF VT K AR 27 5 #5000 %, $i IBAR IR
R SE TR SE AR 1 D PR alE A R 7 A 3R KRR R GEK , AR > 80%. 1 B H I 28.5 °C , Wil
JEFAN 14 h 210 h(B:4R) A RIRE FARER (I F R EFARK - IR0 B R ) 3 U 28 B fg B 4 1
FOBE B 1, TEAR] IR R GE AT Z W FEMEME 1:2 /Y LU A4 (L BRISCER A% I, 56 2 RITIT 1 h 5 AR B
hfn R fif 57 BITTK B e, FEACRUERE T PRt Hh & & IE HLC BRI IR AE S 5256 FH R,

YR FR A E S PbAC, 3H,0 UL 10% Hank's 3™ (0.137 mol - L™ NaCl, 5.4 mmol-L™" KCI,
0.25 mmol-L™" Na,HPO,,0.44 mmol-L™" KH,P0,,1.3 mmol-L™" CaCl,, 1.0 mmol-L™" MgSO,,4.2 mmol- L™’
NaHCO, ) 2 ZH R . 26 AR BF 73 v Y 2 0 e Ry BRI AR SC i I8 0.5,10020 pg - L7 A4
60 HUEIGTE AR 9 em HYBLIEIG IR L FEAT Bl , BER A K e —2F A4l & 3 P17

Prg e IR L TR SR A h B 5 B 3R A nOi SO B AR5 £0 55— B0 B 24 h TR RLER T W4
JIRIRIEA SET IR AR O Q0O R i AR5 1 45 ) . 2R 5% 2 6 dpf, BEHLPE L REIE F 1 5t & a1t
HEATAT oS
1.3 BES Al 2 E s

ABIFTERS B AT Ry 2 ROV AL A5 12 AT g B Sh AT SR ARk S8 9 B8 Bt AT Sy 2 000 24 i 1803 i
Zebrabox 17 MR RS THREIN , K FH Zebralab 2410 s FlmAl. MRS 4 30 min. JIiE]T 10 min A6 IR
R B B S AR, 43504 10 min 2RI 10 min YGREAL L0 min ZRIS A7 R A8 SR 60 s.
1.3.1 zahitth

BE It A 14038 Sh AT R SE R 7 1 25 BR S AT ARG R 8 i N A1 032 sh Ll Az 3 . R FE
96 fLAR AT 22 # 2 6 dpf, NS LLREPLPE e R BIE 1) 24 S5f7 M (n=24) 4 413t 96 A7 M0, Fe 8 5
96 LAY, BEALAS I 1 ZRAF R 250 L ZRER .

1.3.2 HEhith

PE b 01 fa 2 s AT R S8 ) iR S BRACRI AT R o o A 0 7 T sl 4538 A B Y 1
PR O KA BB R T 24 FLAR P EA T 2 6% 2 6 dpf , WA BRI IE K B IEH 1) 6 R iF i (n=
6) ,4 43t 24 Jofrta ks 2] 24 FLACH, BEFLASL 1 2547 #0802 mL ZRER TR
1.3.3 #3847h

BE I A A0 4T ST L 755 BB S T A 52 20 ISR 8 5 kg - 4 194 2 ik A i ) % 25 ik U 0. 24
PIAc 022 (A AEE B/ T 5 mm B, USA R 9 4% ot B 2247 o A AE 6 LA th ik AT B EE % 6 dpf, A 5%
HEEPLPRE R B IEF Y 122857 (n=6) 3t 4 20 FeRE 5] 6 fLID , BALA T 2 AT 5 mL R EE.
L4 Hdlegeit ot

DL b a0z ZhEE RS (em) FT4E 10 min BYIZ 3 S EE B (em ) 2 TS bRk RALDE D 04T 0 1932 3 AT
5 ABE Eh AT g 10 min 7EAS [] £ B2 90 L 9 7 Sl ORI (U0 FILUEEE Bl U8l (0) R RAERE 3hAT 5 LA
PES A EE 10 min A ARICE (V) FIE MR 18] (s ) SR FRAA AT . S5 45 R LIV 2 {E (mean ) + $1
HETRZ (Standard Error of Mean, SEM) 3R #E/R.

BG5BT ANAE R F Microsoft Excel \Graphpad Prism F1 Origin 8.5 S804, Be i Jr ik XL
KR J7 22 737 (two-way ANOVA) K 3 A ] 4b BRAH 5 % BRZH 22 18] 1 22 5. 45 P<0.05, ITA Sy BHAT 18 35 1
Pt

2 R 5118 (Results and discussion)

2.1 WA BR R
YR N BE T A8 R iR/ AT 1 B R AL SR FIAF G RS2 W a0 3 1 Fro, 72 hpf 288 4RI R R
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64.58%—77.08% ‘. Z AL T X HRZH Y 90.83% ( P<0.05) , Ui 5 %o FRZHAH L 473 5 55 A AE 7R F AL A IR B 42
JEHZIG: — EHAEZL % 96 hpf. [AlFE i, 96 hpf 82 87 4HBE 5 0 A7 A7 TG 28R 75.42%—79.58% i K T
X HRZH 1Y 92.08% ( P<0.05) A1, 20 g LAV 3R 85 15 S50 Sy (0 A 10 1 BUOP s e i O Jie R A 2 iy
FEMIE G (E 1) .25 1Tk, By 5 880 3 5 fa IR /A1 fa 2R & 8 S AR L X 5 S A 1 F 55 45 SR A

ETe

R RIS B ARG/ A A L ARG

Table 1 Hatching success rates and survival rates of zebrafish embryos/larvae after Pb exposure

Tk JrAb R 1EIE 5
Concentration/ Hatching rates/ % Survival rates/%
(pg-l™") 48 hpf 72 hpf 96 hpf 24 hpf 48 hpf 72 hpf 96 hpf
0 67.08+1.10 90.83+0.42 92.08+1.50 94.58+1.50 92.50+1.44 92.08+1.50 92.08+1.50
5 50.00£5.77  76.25+3.61"  78.33x3.56*  88.33%2.32 82.92+4.64 80.42+4:64  78.75+3.82"
10 44.58+6.14*  77.08+3.00*  78.75+3.82"  84.17+3.63*  82.50+4.33 81.67+3.97 .79.58+3.00 *
20 52.50+5.77  64.58+1.82*  73.75+1.91*  89.17+1.10 82.08+2.20 78.75+2.897  75.42+2.73"

o« 5XTERA L P<0.05. Note: * P<0.05 compared with control.

1 BYRERIEHET 72 hpf BEE 6047 fh BRGSO G i A AE 25 i A5 R B4
(a) control;(b)5 wg-L™"3/(¢) 10 pg-L™"; (d) 20 wg-L™!

Fig.1 The malformation (e.g., yolk-edema, pericardial edema and axial spinal curvature)

in 72 hpf larval zebrafish after Pb exposure

2.2 MEAT NN
2.2.1 BTN

HS R N BE T A fa s sh A7 N B AN R 2 FIR AEEIRAME T | B 2 B oKk B U A1 38 5
TR AEBIE AR, S png: LR 10 pg - L7 8T 28 58 W FE R 2l 28 A7 10 9 32 s AT R 5 1 5 0 BRZ A L,
20 pg- L' BV R EEHIREA ST B 3 191 3h80R (Hypoactivity ) B4 ( P<0.05) , F5 32 7E 20—30 min
) SIS 0] S A SOOI 9T 45 SR ARSI, Tk /Nl A R PRS2 44 R 2.5 ol - L 495 5 88 4 BT 1 fo A1 £ °F
P35 F1 40t HERAL EE R AR 2 AEJE:, Zha SR AT FT 45 AR I 20 g - L4 55 55 41 B 2 #0£1 # 19 32 Bl
A SR RGBS R4 3 TR

H i —BEfiff 5% e I E 22 B8 RENS A S BT Dt A1 (0 ph 247 A8 1k, T BE RS ML AL 45 X o 22 R G 36 1A
FARAYERAE 32 B 2 0 IS LA R SR AR 405 0 388 0 2522 BRI, AR 9 RN H  — BB 5 R B4
T RIS AT N AR Kk A AE S A5 B OGRS T B B 15 e A7 SR T 5 45
BDE 47 ZFZHet5 W 50 W BE 5 o A7 i AE RS A5 N Mg sl A7 R, 5 5 0 0 B0 e 20 SR I 42 5 T A
JEHREME T WICATAa 5 m 7> DE-71 B EERES T B 5 o1t 7 BERDIR AT K 1% oy o 1 s vk
TSR  FEOCRROIRAS T, 76 sh iR 5 e B S IEAR G IR, B 98 R I R SR R L 2R e A
Pt 2 A7 R TRk A AT REMLE 2 — " S T AR U I 45 3, 0 o 4 A 2R 88 AT s shiAT
) AR T BB AR W 2R G 4543 S AR 75 B2 1 — 25 A W 98 RS HIE. B R U6, 7B IR AR 1 T, 4%
TR B AT B AT AT A IR T AR S (FORFE RIS SR T SR B A A B
HITG SR B4 (P<0.05).
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141 a _acontrol 5 SpuglL’! rb [Jeontrol Y5 pg-L™!
r - 10 pugL”! - 20 pgL7! 140 B 10 ng' Lt EF20 pg-L!

120
- L
100
80

60

Distance/(cm-min~!)
Total distance/(cm-(10 min)™")

40+

20+

20
t/min t/min

2 RRERIS 6 dpf D AAF B s T AL
(a) T 1 min 12 R AT EAYIEZHPE 5 (b) B 10 min G REFIREE 388 500 AT B2 D) IR S
RIS H € 0 P T 1 R SRS OGBS 5 = 5% BREH AT HE P<0.05
Fig.2 6 dpf larval zebrafish locomotor activity change after exposure to Pb
(a) The time course by dose in 1 min intervals; (b) The total activity in each 10 min light/dark period ;

Solid and open bars at the bottom indicate dark and light period, respectively; * P<0:05 compared with control

222 FEHTH

— B, BETh A0 At i sl st R AR S AT R LA I, A7 AR A R AR AR A I R AN K
WA f2 308 ) SR o 3 A S R LS A 2 B R B A 1) AT R S T, BE D A0 AT o A R A
~10°—10° Z A §5E XK B LRIB B/ TohE 1] | +10°—+90° Ky <= FRIRUEE [f] | £90°—+180° g | T % 177

F R BT BE Ty ATt 4 T3k A B S I AR 3 TR AR T, 7 I3k JE 0 PR B A A £ A O
F9 5341 e BEARAL, B9 20 R AR 3 A R T+ 90° By 2B ) s HL A At 7 AT R A R b BB ) T 1) A5 D e (+)
A2 ] 22 e (=), 35 506100 0 T 5 1 £ 5 [n) A0 I 9 285 SR A — 350, BIVEE 2 o ff S O o) 462 1) 55 %
BRI 5 2R (R TR 12 1) A DG AR RS2 S 06 T3R8 15 e A 35 K T K 5 YL M) FN BDEAT 97T
SRR A BT AR ) AR FE 48 R0 R IS BT AR AR AN ] B TS Y (T O AN e AR BE L £
PIATAR AR A1 B RV A 47, 3K 138 BT A BE TS e W ] BT AR B U & B WA 14 4514

S SR T R A DR B - P A 20 B A R R RVl 2 D, (L 200 308 35 B8 T A R B T B
AR 1 7 SRS A P A A0 0 3 Tl U B B (B 22 O IR B 2B IR AR, T 2 R O AR R A £ 1Y)
B ) UK (EL R A SRR 25 F T, 10 g - L7VFT 20 wg - L 40Y 2 52 6 S AT £t B0 30 28 (00 8 1) v Bsl /0 B 4
(P<0.05) ,F# M E7E 20—30 min 2K JE .

223 #HAHTH

Tr 2k BR T B A0 A AR AL RS A T oA BRI N 4 Bir7s. DA 7, 7 D03k ) 301 PN B 6 £ 4710 ) 2 fis
i) T2 il S P) AR AE R AR S AL A RIS 2R, B 2 B P R U AT 0 AR 58 A T o s (R R AE IR AR R
o R A R R 1T DA S U AT AR ST R AR SE BL(P<0.05)

SR Al BRI 5, 70 R I O J P A £ 22 [ A 422 Ak R 50 i 22 O BRREI FE G BRI, 20 g - L 4%
TR AT A0 AR A B 0 35 1 T R H (P<0.05) | H R il ik B i 22 (1] 4a) 70 SIS RV PN, AS ] 22
5 2HLFOGE HR 2 (R A fa e o st ] EL AR, R AR B B A8 Ak (R 7E Y IR 30T, S X REZHAR B 10 g - L7V AN
20 pg- L REEA A AT B il A] AR K (18] 4b) 8 & I F T B0 T — AL 08 1 25 41 o i A3z 15 %
75 HE TS el (U0 BDE 47) B8] fE S T Fivil 4, 5 35007 £00 22 1] A 42 fol U R0tk 35 14 22 | AT 5
45 9L 556 Hi BDE 47 B9RUN AL

BELh 4t A8 T — R R A B 24T R RE 0, T G B R R A SR T R TS e R R T
PUBE A0 1E (A28 T A, M AT BE 255 i H AR BE A S50 e AN b S5 B 3R 85 S 0 5 #1019 328 Bl
TR REG 1057 A AR A R A 7R JE 25 1 T ORTR] A58 A7 AR A R AR e IR AR X R R B 5
FEAZAT R AR L AT BEAFAE A [R). AT WF 75 32 B AN SR B 2 £ A0 % 3 S 30 B BE A Y A0 8 TR A7 53 %
)T, IBAE BT I RRIRAL AT A 23 32 SRS Wi 5 0] RE SR8 B RUAE Y S T H Akt T4k se AT
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TR B AR R T B A A ST O B AU T S U B R ARl B A R T AT

. 0—10 min(D) b 10—20 min(L)
— CONtrol s 5 1187 w— CONrOl e 5 1+ L7
e 10 1@ L7 i 20 pg-L7! e 10 gL 20 pg-L7!
-90°—-10° -90°—-10°
800 800
600 600
~180°—-90° 400 -10°—0 ~180°——90° 400 -10°—0
200 200
0 0
90°—180° 0°—10° 90°—180° 0°—10°
10°—90° 10°—90°
c 20—30 min(D) 5500 rd [ control Y 5 ngL™!
[~ g1 g1
w— CONtrOl — pg‘L_l ] B 10 ng-L =P ng'l
e 10 pg-L7! 20 pg-L7! r
—90°— —10° 2 2000 al
800 £ L —
IS s
80 00" o o B 1S00F - S
200 = B N E
s 1000 i \=
0 b B2 %E
I B N =
90°—180° 0°—10° I e — \E
0 10
10°—90°

t/min

B3 HiRER)E 6 dpf BES i ST e
(a il ¢ ) BRI AR F T A7 HTE 25 B I AR A T2 300 BT PR 9 0805 (b ) DI I 28 1 A7 7045 0 B A A R T A P OB
(d) % 10 min SRR SRR A 8 T A7 F0 90 50 ) YR IR 7R R (R 1 (T 01 3 PRI FIDIG SR AR 1 5+ S IREAH IE P<0.05
Fig.3 6 dpf larval zebrafish rotation activity change after exposure to Pb
(a and ¢) The turning numbers of each path angle‘class in the dark period; (b) The turning numbers of each path angle
class in the light period; (d) The total rotation times in each 10 min light/dark period; Solid and open bars at the bottom indicate

dark and light period, respectively; * P<0.05 compared with control

[ control Y Sneg'l™! BEI0ugL! =320 ugL!

a 260F b
2 -
00 240 |
180 220
160 200 |
8 1401 5 180k
g £ 160 |-
S 120F E
2 I 5 1401
£ 100 2 120 |
b o
S 80 O 100 |-
E sl 80 -
O 60 |
40 40
20+ 20
0 : 0
0 20 0
t/min

4 PRBE 6 dpf D ATt sctT Nk
(a) 5 10 min SERANRIE S AAF T ALY (b) B 10 min JEIEANRNE S 2501 Befhin 6] ;
TR R AN AT RN BRI HOCHRE; « 5X AR L P<0.05
Fig.4 6 dpf larval zebrafish social activity change after exposure to Pb
(a) The contact times in each 10 min light/dark period; (b) The contact time in each 10 min light/dark period;

Solid and open bars at the bottom indicate dark and light period, respectively; * P<0.05 compared with control
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3  %5i% (Conclusion)

(1) B0 BE L iR/ A 0 B R T TRV R, AR R AL AR5 5 T o A A2 il O B i
SR AL

(2)TEOEIR RN, BT 2% 52 X Bt 5 4047 #0032 1747 0 9 R 7™ A2 B3 50 i 5 {ER A RIS AR 1T
20 pg- LB GE U5 AT f T L R 3 S ShsE LR

() TEIEIRARAET A B B PR BE St A7 A0 A 5% 1) 47 0 s TR BRI AT, BRI B2 8 ) e R 12
APt A AT B AR A R R D D o (R A0 35 U T 10 g - L7VF 20 g - L BT BR EE 4L AT £ A L
e UL

(4) TERRIEZPET | B AR 8 00 B L #4524 7 D R R A B35 R W) s (HAEDE BEAR TR 20 gL
T A 2 O T AT A RS AT R AR S YRR
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