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Abstract

In this study, the water quality online biological early warning instrument was used as the testing
instrument, whose principle is to use machine vision technology to identify the behavior of aquatic
organisms, and according to the model formula of toxicity value established by the behavior pa-
rameters of Daphnia magna, the toxicity of the tested water was evaluated efficiently and quickly
by computer to continuously monitor water quality. In order to check the precision of the test re-
sults of the instrument, and compare the differences between the test results of different instru-
ments, taking Daphnia magna as the indicator organism and standard water as the test water, the
results show that: 1. The precision or stability of the water quality online biosafety early warning
instrument is good and within the acceptable range. 2. The test results of three online water qual-
ity biosafety early warning instruments, verified by paired t-test, showed no statistical signific-
ance (P > 0.05). Next, this paper describes a laboratory experiment investigating the behaviors
(swimming speed, motion elevation, motion rang) and the survival rate of Daphnia magna, that is
the biological indicator when being exposed to three toxicant substances: they are heavy metal ca-
tion Cr(VI) and two commonly used pesticides (Imidacloprid, deltamethyrin). The experimental
results show: 1. The movement behavior and survival rate of Daphnia magna were significantly
changed after being poisoned; 2. The response time of swimming speed, motion elevation, motion
rang and survival rate of Daphnia magna were different under the stress of the same toxin con-
centration, the higher the earlier the response time, but the change trend of behavior was similar.
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Forp s il 2 EE R IE AR H (1], ieshiB B, BRI, PRt m] DU TR 4L I Y
TR, f£ 1991 4, Persone MH] 1 i SR R GREAT /KBS, 1% R GUHE S AT A5 BB AR
[12]c ASHFFELARALRATR R AN, BUH LI Cro* s 42 ) LR R b b FE ik shmbh . I8 A8 T ok 245
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2. MBIRF%E
2.1. SCIgFHE

2.1.1. SEHERM

S5 F K7 % (Daphnia magna Straus) A¥FARAE, SidsrE. gifh, RS TS e AR BRE
J& . EFRAR . R RHARAS, F 50 mL /NGERR N IR . B BT A K — O BEER, B RELL,
2 BONAR &R TE 2 L B R, N 2 LE5E K, IIN 10 N~20 AN RBE, B fF Rt e, i
BEIRIEN 6 x 10° ANMmL~8 x 10° ANMmL, 7R HARGHRA M FRATH%, @O E R, BiRRE
15°C~25C, pHE N 7.5+05, VA 2mg/ll UL L, BEEHEFRE 3 K. & (KBRS ML
J5i5) (GBIT 161235-2012)AH G 3R, 7 WKL 25 R BUE I U ME: I8 AR FRERIY 24 h ECsp, 20°CHTH
ERTREF Y] 24 h ECso MAE 0.5 mg/L~2.0 mg/L Z [8], [F]Hf X HEZH R AL ¥y 2 bl 22 A pe ki 10%. NE T
KIS AT AR A, EBHA 4d~5d, AKLE 1.5 mm~2.0 mm (52 K) 2 [ K Bk 47 S2 56 Ok 7
218 R ER A 48 R )

2.1.2. SKIEE
(1) S5 HARHEK
av FAEER
¥ 11.76 g EAL45(CaCl,-2H,0)E Tk hE A4 1L,
b. BREREEE
# 4.93 g FEEE(MgSO,- THO)E T /K E R ZE 1L
c TR SN
¥ 2.59 g BRIRASN(NaHCO:)VE Tk h ERE 1L,
d. SILEIATR
¥ 0.25 g EALE(KCE T KHERE 1L,
FEL F DU 50 mL VR G, MR 2 Lo B AT SR ARV R B ER R VA VRO T pH fE, I
FRETE7.8+£0.2, HBES 1h/At, i DO >5mg/L.
(2) EHRH (K,Cr,00)——#r4l
(3) P HUIHR(CoH10CINSO ) ——E 1k 711
(4) IRE S (CooH19BroNOg)——E Wik 57
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SR B R IR BRI R B A PR 5 A2 7= B 7K 0 AR 26 AR W 22 A TV, 3l i Wit R 4
24 /NI SEI ERER A TR R BN I8 B 25 AT ARk, (R UG R A B A KB 38 52 B H 54 5 55 IS 1)
AT RARAE S (i BT L S VE BN B L 18BN YE 5 b A TSN, TH AR K B & AT RS HE L)
BHEEAT A, A% m RCPUE R H 32K AR BRI
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A. Water quality online biosafety early warning instrument;

B. The unit observation window of water quality online biosafety early warning instrument;

C. Cloud platform configuration screen of water quality online biosafety early warning instrument.

22. SEWAE

2.2.1. WRRIE

TRRSZIGRT, 7HEHAT 30 2 R K RS HESESS, FRRHESLIR S G, S ARHES Btk 4T 1E sk
5, KAV Gl 156 . SR s se R IR 6 HARK A 1.5 mm~2 mm ¥ R BRI
L . ARSI BRSO KRR T EME,  tHK R AR 2R A 2 S T A I S 3

2.2.2. HEEMRRA RS

i = K RAE LAY 2 A TEAL, AT 30 70 Bibr e /K R HEN X, SEgaas R T PRI
K A e, SR IR T

(1) FEHI=fr 10 L SLEHIFEK, 1EA=GKRAEL Y B RIEA KA, SRIETFHLTEA 15
Iy

(2) =ZEPERMEE A ST 6 KBRS, A FHArEKBEAT 30 208 v, KX 30 /- phag g
WP EEAE R HER R, T T o3 A A ARG s PR A s 1k 5

(3) HEELLL#AE, fEE KL AN) %A FUE AR 20 HARMEK 30 2 REHENIR, #3k4F 20
FHEE A 5
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(4) Mgeiteznbr TR bz, R RE(CV%), #1285 REU(CVR) TFN X &3 1
i R R e M 5
(5) # H AT i) = & A HEAT PIPTLEXS . T 5 AR TR 45 SR 10 22 5 ELBCR T t A5G

2.2.3. HHR

DAFESTRER . bbbk, YREZEE AR Y, G EYME T KA RIS ST N (ks . 183
WEJE . BB ) RAFE R ESH R, SR PR

(1) i =41 10 L LI HFREK, 1EN=GKBEL A 2 2 TUE AR KR, TN 15 4%

(2) =BG E N H N 6 RORBIRE, AT EE AT AR EZKZEAT 30 2 il i vk 5

(3) RHETERSG, S AR AEAKHER

(4) IEBBRMONRIGETEY, 70 HIECHIAFEKEE(0.2 mg/L, 1 mg/L, 5 mg/L) K] B BRI & 10 L,
VER = G K IRAE LAY 2 A TR A IR KA, SR N EHTRON 6 RO EHLIGR, dks9ihia
T REGRIZ BT N S

(5) FEHEIRA AR UG HER, A 20K B Ve 3 IRLAL, P F bR /K iEAT 30 4
B A 5

(6) AR SRR CARREG TR, 0 A ECHIAS [F) 2 (10 mg/L, 20 mg/L, 30 mg/L) ML L mkiz i %% 10 L, 1EA
ZHIKIRAELR A 2 A TEACPE A KA, WS N EFRN 6 RORBNE EHLIEK, e E e Nk
BRI ENAT A S HIN AL

(7) Mk ORI TE B, K AR K R i BE 3 IR LA b, P AR HEZKIEAT 30 23 gl
HARHE

(8) PLIRFAGHE NIRIGFFY, 43 B HIAS [F]¥R F&(0.002 mg/L, 0.01 mg/L, 0.05 mg/L) F) 15 5 35 Bs 15 7 5%
10L, TEN=B/KIAIELEY A TVEAIIEH KR, WEE N EHHN 6 R KM FHINER, dxHEY
JIE T R B BRSBTS B AR A

()R F S BRI e T, R A A8 F 288K IR S Uk 3 kL b
3. RIGLR
3.1. HEEMR

Table 1. Comparison of precision about the test results of 1#, 2#, 3# instruments
L4 24 SHUERMIREREHE XL

f et 30 4 bR B E SR e
1# 6.4 4.553.32 5,55 3.34 5.23 6.17 1.35 2.35 8.12 5.32 6.32 5.87 8.69 7.56 6.23 8.45 7.69 3.21 7.65 5.65 2.08 0.37
2# 5.36 6.36 8.54 6.32 5.45 6.47 5.36 6.32 6.35 5.12 8.65 5.59 7.87 5.22 6.14 6.31 8.41 6.32 3.11 9.21 6.52 1.12 0.17
3# 8.419.12 8.54 8.23 5.12 8.32 2.36 1.98 3.55 3.54 5.60 8.74 9.35 8.21 3.56 8.41 7.26 6.21 2.95 8.32 6.36 2.47  0.39

w2 1R, 1#. 28 SHUESIAZT REUCVR) K IKIE/N, RS 3# < 1# < 2#, HHE/NT 5%,
U I 2R RS 2 P el R e PR RE R A, #RFE W42 525 Bl N [13] [14].
3.2. {XSEEERT

e BTG 14, 2#. SHERHHAT PP ELXS, P8 & ORI AE RN Z 52 34T LU, R Be Xt
Kags: .
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Table 2. Comparison of test results of three instruments
2. Z BN EREET

Byl bt
d S

1#-2# 1.04 -1.81 -5.22 —0.77 —2.11 -1.24 0.81 -497 -4 3 -333 073 -2 347 142 -0.08 0.04 137 01 -156 -0.76 242 1.397 0.179

&He P AL ER RS 30 43 Brag A 22 8 [tfE] P

2#-3#-3.05-276 0 -191 033 -18 3 434 28 158 3.05 -315-148-299 258 -21 1.15 011 016 0.89 0.04 236 0.066 0.948
1#-3# -2.01 —4.57 -5.22 —2.68 —1.78 -3.09 3.81 —0.63 —-1.2 458 —0.28 242 -3.48 048 4 -2.18 119 148 0.26 -0.67 -0.72 274 1.178 0.253

LGP, [tposl = 1.397, [tosse = 0.066, |tiszs = 1.178;
HHEEWV) =n—-1=19, & t {5 t0s09=2.093.
| tis—osl < toosoys Pusas > 0.05, 1#5 28U ZR MRS 72 7 A W3
| tosasl < toosoys Pasas >0.05, 2#155 IUARMIALE K2 7 A B3
| tis-asl < toosoys Pusas > 0.05, 1#L UMK K =R A RE .
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Figure 1. Variation of swimming speed of Daphnia magna in standard water
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Figure 2. Variation of swimming speed of Daphnia magna exposed to Cr®*
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Figure 3. Variation of swimming speed of Daphnia magna exposed to Imidacloprid
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Figure 4. Variation of swimming speed of Daphnia magna exposed to deltamethyrin
4. REFEEMIE T XELRIFKRE TIER

3.3.2. HEkiIEERZEW
KT R (1 i VR FEE (mim) 7 FL vk (R i B, AR K KB (R i vk DR P AR AR LI 5, K BRR i
VK HEALE 5~16 mm [R11X )25 4k,

PR K

8 (mm)

Wk

NO N OO DN A YOI ODANHE DD S
N T AT TR NN ST A T 7 AN AR oA ol
th

Figure 5. Variation of motion elevation of Daphnia magna in standard water

B 5. #RfEkrp RBGE KRR LB

KA IR LR RS R AT L M s AN SR U TG MK BRAE R AW 22 e PREAN, X KR gt AT Rk
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Figure 6. Variation of motion elevation of Daphnia magna exposed to Cr®*
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Figure 7. Variation of motion elevation of Daphnia magna exposed to Imidacloprid
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Figure 8. Variation of motion elevation of Daphnia magna exposed to deltamethyrin
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3.3.3. FERIEERNEL
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Figure 9. Variation of motion rang of Daphnia magna in standard water
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Figure 10. Variation of motion rang of Daphnia magna exposed to Cr®*
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Figure.11. Variation of motion rang of Daphnia magna exposed to Imidacloprid
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Figure 12. Variation of motion rang of Daphnia magna exposed to deltamethyrin
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Figure 13. Variation of survival rate of Daphnia magna in standard water
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Figure 14. Variation of survival rate of Daphnia magna in Cr®*
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Figure 15. Variation of survival rate of Daphnia magna in Imidacloprid
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Figure 16. Variation of survival rate of Daphnia magna in deltamethyrin
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4. g

FHENERE, ZRASEBR KRR, G N e R IR AR RS T BB, WE
TAHER, BT BR RGN, BT T AN R GO0 I Eh RS, Fol TR 4575 30 2 KUK P48 [15] [16]
[17]. BUFRIG RGE N TR, B — RAUELMM, X NZEFHEME, HIIANTESNESR, *
IHTEIIZE . 4TRSS, FELRAE IR, R FO A e IR B HE AT 2 0 e WU Fry—
Bk, AR T AR I AR50, E IS TR I AR R R . (B s, AT e
FEAE T RIREE P 12 WA DA AT B A M AT KRB AR A it o

ARIIWEKAT A R . 2B, BRI AR &2 — 18], & AT BLER iR . Wkt
FEl . 3 B 08 P2 5 2 Mk F A% A A e K IR 28 I P 430 R 5 B R 028 Ak o DRI IEL 3 k200328 £ 3 9k
TF I B RN S HR AT RPN A e T 15 2 LU 7 v, L /AR M U i — Fo A 52 D T 5%
(97730 S TZ R R, &S SRl I T K FEEFI/K . Tk EE 250 /K 1 9 [19]
[20]. BAREIBENIT N AEAE VRGBT TR — AN TSR TR, (ER [ B i 3 — M xR IE 34T
SN K TR ARYE o I FL bt /K TR 78 2 2R 40 2 4 TV 1 2 B AR MR 1 SRR BE, KIS (R AE AR 1
IR 852 P 2 %8 7K R A FRATUS IR FE 77 2 107K e A 0 50 1 5 I, B A A2 P TR R 9

5. &g

(1) SZF 0tk HRRRT Y5 2 R PR SR8 K2R 988 %) it U ok FEE AN B e 5 2 HR B — /N0 v PR DR AR 5 I
TR BREMLERRAL, AP R RS T KRB S A AT N 52 B T R AR A R mIR
R E R B8 AR R A R

(2) [Rl—FhEE D BUE T, EPKOE L | VKR BE SIS AT e S (AN ] R EEROR, e 8L ]
B, S AR AR A AR

(3) FREAIIR A, ikl B KIAH 5.62 mm/s, T8 EASERE. ALk, IR =R A
VA, Pk BT s KA 20 8 8.0 mm/s. 10.79 mmi/s. 10.27 mm/s; FruEKIMR A, JEEhTE Bl oA
241.56 mm?, 1fij {4 F 256 R Mtk Rk SR 2 I — b SR TIONAR, 90 4 3 V0 R A KA 3 i 231.1 mmP,
101.39 mm?, 211.84 mm?; FrAEAIA S, JE BRI R 14.78 mm, T EARERAR . L HUbk, R
FHEE = SR, WK IE R B R 4 08 17 mm., 46.78 mm. 41.49 mm; ZE& UL L4ER, —=H
BEWIAE — 52 I} 8] B AE B i R R P ik ok P R SR R, it HS ShiE B — e Ve L, DR kA
eI 2 3 B Y A B B A i SRR B 45 & Bt 2 S 3
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