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Physiological Responses of Tubificidae to Heavy Metal Chromium Stress

LOU Ju-ging'*, YANG Dong-ye’, CAO Yong-qing’, SUN Pei-de’, ZHENG Ping'

(1. College of Environmental & Resource Sciences, Zhejiang University, Hangzhou 310058, China; 2. School of Environmental
Science & Engineering, Zhejiang Gongshang University, Hangzhou 310012, China)

Abstract ; Tubificidae is now used in the wastewater treatment systems to successfully minimize the sludge production, which has been
proved an effective, economical and sustainable technology. But the excess sludge inevitably contains a variety of heavy metals,
especially the sludge from industrial wastewater treatment plant. In order to apply tubificidae to these systems, Chromium was selected
as pollutant object and the physiological responses of tubificidae to Chromium were studied in this paper. Acute toxicity was analyzed
and Median lethal concentrations (LCs,) were determined over 96 h periods for Cr. Results indicated that 24 h LC, and 96 h LC,, were
7.94 mg-L™" and 0.49 mg-L™", respectively. The duration of tubificidae in Cr solution decreased with increasing Cr concentration.
Under the Cr stress, a highest respiration rate was obtained when the concentration of Cr( VI), temperature, pH and DO was 2. 50
mg-L™", 26°C, 6.0 and 6.0 mg-L™", respectively. The order of these factors was the concerntration of Cr( VI) , temperature, DO
and pH. The respiration experiments demonstrated that low concentration( <2.50 mg-L™") of Cr could promote the respiration rate of
tubificidaes. On the other hand, when the concentration of Cr was 8.00 mg-L™", it could remarkably inhibit the respiratory rates of
tubificidae.
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Table 1  Concentrations of Cr( VI) for acute toxicity test

e EXTEL 1.70 1. 96 2.22 2.48 2.74 3.00 3.26 3.52 3.78 4.04 4.30
PRISH I/ pg- 17! 50 91 166 302 1000 1820 3311 6025 10 965 20 000
YV E/mg- L 0. 05 0.10 0.15 0.30 0.50 1. 00 2.00 3.00 6.00 11.00 20. 00
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Table 2 Levels and factors in orthogonal experiment

RS
KV (VD)W /mg- L' WE/C pHfE  DO/mg-L-!

A B C D

1 0.10 14 5.0 2.0

2 0.50 18 6.0 3.0

3 1. 00 22 7.0 4.0

4 2.50 26 8.0 5.0

5 8.00 30 9.0 6.0

R3 ETRIWEITR Ly (5%)
Table 3 Orthogonal array L,s (5*)
sy CODEE w20

1 0.10 14 5.0 2.0
2 0.10 18 6.0 3.0
3 0.10 22 7.0 4.0
4 0.10 26 8.0 5.0
5 0. 10 30 9.0 6.0
6 0.50 14 6.0 4.0
7 0.50 18 7.0 5.0
8 0.50 22 8.0 6.0
9 0.50 26 9.0 2.0
10 0.50 30 5.0 3.0
11 1. 00 14 7.0 6.0
12 1. 00 18 8.0 2.0
13 1. 00 22 9.0 3.0
14 1. 00 26 5.0 4.0
15 1. 00 30 6.0 5.0
16 2.50 14 8.0 3.0
17 2.50 18 9.0 4.0
18 2.50 22 5.0 5.0
19 2.50 26 6.0 6.0
20 2.50 30 7.0 2.0
21 8. 00 14 9.0 5.0
22 8. 00 18 5.0 6.0
23 8. 00 22 6.0 2.0
24 8. 00 26 7.0 3.0
25 8. 00 30 8.0 4.0
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Fig. 1 Dry weight vs. wet weight of worms
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Table 4 Acute toxicity of Cr(IV) to worms

wEA AR g Cow  EXE
/mg-L /mg-L
24 y=1.2127x+0.2693 0.9237 7.94 5.43 ~11.61
48 y=1.4443x+0.0510 0.9600 2.67 1.40 ~5.08
72 y=1.61806x+0.2898 0.9533 0.81 0.45 ~1.47
96 y=1.4726x+1.0399 0.9744 0.49 0.26 ~0.92

GRVREEN .

SC =24 LCy, x 0.3/(24 h LC,,/48 h LCy,)*
=7.64 x0.3/(7.64/2.67)°
=0.09 mg - L™
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ZUEF, 2SR 0 15°C 5 30°C B, 7K iz 951 A 1oF 1 5ok
R W N 29.48  mg-(g-h-L) ', 21.66
mg+ (g-h-L) =", AT UL — I8 BE K FF, i T v e
VAN /i K (S T N @ ez 2
Cr( V) ¥4 8. 00 mg-L~ i} R T 24 SRXIG LT
4% [ 36. 36 mg- (g-h-L) ~' 14b, Hifth 4 M40
PRI R 338 S 5 A1, FEARAE 20. 00 mg- (g+h-L) ~'LA
T, ASE s W R Y 299 |, H. g e FEE 1 S B4
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(4K ; kB, > kB, >kB, >kB, >kB,,B, i B [A
EHKF; KC, >KC, >KC, >KC, >KC,,C, N C
HZ K F; KD, > KD, > KD, > KD, > KD,, D,
J D HZMEKE U 4 A ZEKEL SR A,
B, C, Dy, B 7K e 5] 75 10 45 14 T 7T 3R A5 o5 o I 1% 32k
e Cr( VD) HEHR 2,50 mg-L~" | #REF 26°C | pH =
6.0, DO ¥ 6.0 mg-L~" B 19 SiXI 4 A FAk
A I A

%5 EXRBERSH
Table 5 Results of orthogonal analysis

_ S
WaRiIEian n 5 C 5
K1 179. 702 150. 193 171. 506 179. 154
K2 162. 844 132.177 174.709 136. 343
K3 171. 549 139. 428 169. 124 134. 165
K4 196. 215 217. 605 128. 944 149. 967
K5 106. 846 177.753 172.873  217.527
k1 35.940 30. 039 34.301 35. 831
k2 32. 569 26. 435 34.942 27.269
K3 34.310 27. 886 33.825 26. 833
k4 39.243 43.521 25.789 29.993
k5 21. 369 35.551 34.575 43.505
W2z R 17.874 17.086 9.153 16. 672
F A>B>D>C
K Ay B, G, Ds
& A, By G, Ds

5 PR ZR 7K 5 B T A ) 2 M AR JEE M i b
B 2s R BIR/MGE], K 5 ol B R, >Ry >
Ry, > R RIS PR Z A 3 3048 B3 52 Wi Y 32 00 e 2
ABDC, RIFX 7 i 5] -5 5k 3 52 ] 14 PR 3 M SR ZR

Cr( VD) | ¥ . DO WJE | pH {A.
3 itig

3.1 ARt K s Y A A

RGN 745 SR e AR A Sk a2 ) EE M
7%, Cr( VL) AHR Y LCy, 22 =15 2, 3 J2: (R Ry 7K e |
RGO FEETE BRI 7E — 2 2 b4y
BRI AL R BN VR, TR S A e 451 {4
F 578 B RIOR BELPY A1 F 3 PR, > W R I [ A
24 h DU_EBF AR S WA I RO 2 LA P A A
A E BT, L e A e 2 Ml RN W WA 5 | ke AR N AR
PSR AR AL , SECT KIS 7E 24 b J5 XS Y
SUR RO Bl S T R A TR KK e 5]
TEPESZ AN A, 7K e 451 Sz 1 722 38 6 5 72 e 3k 2k iz 3
e ), B B R BN G2 | O W1 A5 7= 2 KR 1
EERYY, A Kb W5 58 T 5 R R B 7= . A SR
SERURESY Ph XK 22 85 (1 S e RV 24 h LCy, A 48
h LCy, 230 7.09 mg-L™"' F14.73 mg-L~" 454
WFSE 45 S a] UL Ph FIl Cr X 7K iz 5] 4 25 P AR . I
AN, INHT G 5 A ] A Sk A 45 R
Bi24 h LCy, . 48 h LC,,. 72 h LC, 2391k 237.80 .
212.20, 174.30 wg - L~", 0] WL Cu X 7K e 5] ) 2%
B RTF Cr 15 AR L5 R 5 Maestre 27 (1 HF
FEEE R W) G, FEAHRAE B 7S M 85 4T 1E B 9 96 h
LCy, 4 0.19 ~38.10 mg-L~". Rathore %> fff 57 45
S FERE K R 7S A B 0T I B9 24 h LG, |
48 h 1Cyy, 72 h LCyy. 96 h LCy, 43 5 2k 22.73
5.59.4.55,4.23 mg-L ™", 5ARIE S5 R0 A I A~
[. %5 4, 5 Oztetik 4151 1 Mendez-Fernandez
P R A R E— R LR E
BRI . OB FH K b ] () 7 H A [ 5 7K e 5] 17
i S A AN A 3R 502 A8 i 2 1 S AN [, 4
T | pH |, AKHEE 45 PRk, A Sl g e, R AR
i EAAFZ TP 11 7K e M A T 2 1 3 P g B s 3 o
RGN EE SR,

TG K AL RS Qe W HE O R E T E S A
B I SR FVFHERIOR B ( H M) 4 0.05 mg-L7",
AR 2 56 15 1) 5 7S O 4% b 7K e 3] 4 22 42 1k B
0.09 mg-L~", [RHK e 5] 7] FE 3R ST /K Ab B R 4
FEIG, RE T KINTE R g8 i s A K S AT 5 Ve pl
T HE— LA TR R G B TR IR AT
3.2 AR T BRI R T X6 2K i ] 0 o R ) 5

FEATRIKSE Cr WIBME T B 26°C 1], 7K b 45
SR I SR A A, 35 F)) 43,52 mg- (g-h-L) 7'
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JK ke 5] 7 F At 3R R R, HL R I R 34/ F 36. 00
mg- (g-h-L) ~". /K #f5] )& T A2 R sh 4 , Hopr BRAR G
AL PRSI RKIR AR DE T A £ B AR 305 1 A
PRAR ISR, K b 158 A A4 K TR R 25°C 1Y 3R
B MR IEART M AE 15 ~25°C Z R AT,
It 255 0L 13 14 T e K 1 95 9 A i R B4, 25°C Ik
TSS. VSS AR iR, AW TR a5 R i B 1 IR BEEXT K
e ] A R R T R AR AR T (A AL

HEE Cr MAFTELAE pH (B 7K i 5] 09 12 5
RAEMAT T A4k, 2 pH = 6. 0 B, - 257 9 1) 528 4
K, N 34.94 mg-(g-h-L) ™', pH = 8.0 i} #yF 1
1% 538 R AR AR 25. 79 mg+ (g+h-L) ~', i pH =
9.0 i, PP R A ik F] 34. 57 mg-L ™", B IL B
SZHFEH AT RE R TR E AR TE pH FH it &
A SR A S R 5 M VA ) SR DT SR A
EAF A i S 4 S S M B AN, AT 8 2 7 ol
FHALA BT IRAR. A RFFE M7 46 DO, pH FIi FE ()
BMEEF R, pH N 6. 5 7K Bz 051975 8 Jok 2 5 5k 51 £
1. PR G AR, T A r e s g 1 1 7 B35
T Ko ] A AR A5 PR, PR R TR 1A
B8 7K e 451 7 2 i AARAE S AR B I R

T Cr 5358 R 7 1 U [ 56 h, DO MR
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mg-(g-h-L) - , At DO ¥ BETT 8 247 I 1 38 R 44
B AT I (E. AT R4 DO KT 2.5 mg-L™!
ik, K ] Ay A K 2 2030 ) HL Y5 e 0l iR AT )
i, 247K e 851 A K I i S AR B T, O T SE A
Z2 (4RSI | PR JR IR AR T B 6 AN 22 1, 2 1 o
SE MR TEVEHE R R G0 SR, BRI B A R
1o REAE , LIRS K 2 s A 1 A W 4 30, X A
FoK W] Y A A7 M S 35075 e A i ok R AR
DRI, DR 5% A B NS Pras A7 M &, DA I A S e
AT P FE DY

4 it

(1) T AR 198 1K £ 8515 EEEHE S
JK M TR LA 15. 6% .

(2) JH3d 96 h 2T 2], S U X HE
B TR MG )22 AT L 96 h LGy, 72 h LCy, . 48 h
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7.94 mg-L~".
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