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Abstract; Eutrophication and heavy metal pollution are two main problems in the global aquatic ecosystem. How-
ever, the effects of heavy metals on different key food chain links in eutrophication process in water polluted by
heavy metals and high concentrations of nitrogen (N) and phosphorus (P) remains unclear. A microcosmic experi-
mental system of producer-primary consumer-secondary consumer in a complex polluted water body was conduc-
ted to carry out unidirectional multistage enclosure test in this study. The environmental biological effects of differ-
ent concentrations of Cu”* on the three key food chain links of “ Scenedesmus obliquus-Daphnia carinata-Danio re-
rio” in the process of water eutrophication were studied under the condition of high concentrations of N and P. The
changes of algal density (O,,), chlorophyll a, COD_,, turbidity, and survival rate, feeding activity and mortality of
Daphnia carinata and Danio rerio in different experimental stages were analyzed. The results showed that: (1) Un-
der high concentrations of N and P, the low concentration of Cu** (0.01 mg-L™") significantly promoted the growth
of algae in the system, but had no significant effect on Daphnia carinata and Danio rerio, and the number of algae
was always at a low level due to the predation of Daphnia carinata in the enclosure (the density of algae was 0.041
at the end of the experiment). (2) Under high concentrations of N and P, the medium concentration of Cu’'(0.04 mg
-L™") did not cause acute toxicity to Danio rerio in the system, but showed strong biological toxicity to Daphnia
carinata in the same system, the activity and feeding capacity of a small number of surviving individuals were sig-
nificantly reduced. High concentrations of N and P stimulated the formation of severe eutrophication in the aquatic
ecosystem dominated by Scenedesmus obliquus (the Chl a was 874.7 ug-L™" at the end of the experiment). (3) Un-
der high concentration of N and P, the presence of high concentration of Cu’" (0.16 mg-L™") led to the death of
Daphnia carinata in the system at the beginning of the experiment. At this time, Danio rerio had not been signifi-
cantly poisoned, and Scenedesmus obliquus had also been poisoned to a certain extent, but it began to adapt and re-
cover on the 5th day of the test and gradually showed the eutrophication characteristics of dark green water color
(the Chl a was 378.04 wg-L™" at the end of the experiment). This indicates that under the condition of non-toxic
substances or a small amount of toxic substances, the sound aquatic ecosystem can resist the stress caused by high
concentrations of N and P and is not easy to occur eutrophication. However, in the water polluted by high concen-
trations of N and P, the input of toxic substances will be the key factor to cause the rupture of sensitive key food
chain links (such as primary consumers) and the collapse of ecosystem, which will lead to the intensification of eu-
trophication process. Therefore, sufficient attention should be paid to the ecological management of water environ-
ment and the environmental risk assessment of pollutants.

Keywords: Cu(Il); key link in food chain; acute toxicity; eutrophication; aquatic ecosystem; unidirectional multi-

stage containment test; microcosmic experiment
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1 ##57 % (Materials and methods)
1.1 gk
11 R 24 i Bk

CuSO, -5H,0 HgSO0, .K,Cr,0, .Ag,S0, .H, SO,
(p=184 g-mL™") H,N,0,S C,H,N, Fl95% &,
a3 g L I

H,S0,-Ag,S0, it 7] J 10 g Ag,SO,, fil A %I
1000 mL H,SO,(p=184 g-mL™" ) #HE 1~2d,¥K
PE MR, 0.1225 g-mL™" K,Cr,O, brEIA K
# 6.1250 g 7F 105 °C T4 120 min Y K, Cr, O, %5fif
FEBE /KB, EAZE 500 mL, HN,O,S ¥ : FX
H1.000 g HN,O,S % T /K, & %4 % 100 mL,
C,H,,N, % . FREL 10.000 g C.H,N, & Tk, &
% 100 mL, P FE bR ME W W HL 5.00 mL
H,N,0,S ¥ 5 5.00 mL C,H,N, A& T 100 mL
BRI BT (25+3) CHE N 24 h, B HG
BERIRZ RS, M EE S 400 NTU,

1.1.2 AWK

RAEMHEERE TR AR KR 4 S 3RS EN ) p
LARIEFR A I RAEFE 53 B 48 h DL By i &
Hk/K,DO=8 mg-L™", & fk# 30 ~32 mg-L™', LA
CaCO, T 11 SR JE ARG 4331 2 328.1 ~ 339.6
mg-L™' H183.28 ~85.19 mg-L™", FEKESHH .
KR 23 ~25 C,HLF# 716 ~721 wS-cm™ ,pH 7.62
~787, PEE SR K R RELIE G TR K
1.1.3  REHK

RS FHACR e K AE 4 S35, fERte:
WA AR 55 SRR R pH Bl G I ] A T4, 5
IR T M Bk, Jf 585 3R NH, &4 R
N e AR AR RS T AR, BB T
ZA-A(NH,-N ) )2 S Z-A (NH; -N) i i T 51 24 =X
A

Guiyn, = CNH;—NleI:IH3—N,n 1)

Ky, = 100/[1+antilog(pK,—pH)] )

A Ry, A NH;-N, 7E NH,-N, HAF 5 E 23 1,
K, i NH, "/ H &5 pK, =-logkK, ,

BT KA 4 SR NH, X LBt
AR PED B (NH,), SO, 5 i A ] 0k i
() NaNO, , 7E LAMCHE 7K A4 4 5 85 37 56 0 50
KR Z TP &0 1.04 mg-L™", TN S K
4238 mg-L™' 4% W H Al 09 & B F= b Jebrifi &
B w B IR, SR KA 4 5 5 IR
(1000 mL)INE 1 iR,

1.1.4 gAY R H 57

R 0 % RHE M A b E R 2 B
IKA: AW A5 I, 15 3% 25 A R 37 5 1 S WL IR
(GB/T 13266—1991)ff 5 B"™ | &} A= i 8 ) 1% 3%
FMR21£0.5) C,JEHFAH 14 h-d™' G ISR
4 000 Ix,
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Table 1 Composition of improved
aquatic No4 medium
Yyl i
Substance Content
MR EH(NaNO, )
02573 g
Sodium nitrate (NaNO;)
I W IR 45 46 F13% (Ca(H, PO, ), - H, O+ (CaSO, -H, 0))
Superphosphate saturated liquid 1 mL
(Ca(H,PO,), -H,0-(CaSO, -H,0))
FREREE(MgSO, -H,0)
. 0.100 g
Magnesium sulfate (MgSO,, -H, O)
TRIR U 4H(NaHCO5 )
) ) 0.100 g
Sodium bicarbonate (NaHCO;)
FALH(KCL)
. . 0025 g
Potassium chloride (KCI)
FAbEk(FeCly)
1% (m/m) 0.15 mL
Ferric chloride (FeCly)
MR R
0.500 mL
Soil leach

PRI RS I7 . LR IR 2RI AL 5, 4 55
Ll Ak RN L 1 B sE R 2 AR IR Ded2 R =4 %
RIEFRG BRI 20 ~25 d FHAR I Sk 30 338 W0 465 1%
BRI — 2 i AR AR TR (21£0.5) °C DGR 14
h-d™ D5 1 800 Ix IREE 4l oR, 78537
], 5 5 SR IR A<, 48 h L E Y [ SR KK 2 Ik,
R R SR A oK Y 13 B H 75 2 B BT
i A A M Ve A R, R B 1.5%10° ~2.0x10° 4> -
mL'] [20]O

B 55 B f IR BT 5 (0.28 £0.10) g, F
WIRRTE 022 g, WERAIEZENIIFRE 14 d LLE W
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ISR
1.1.5  BpLpe) Z29% [l e Ae) 2 ) ol 72 7 S B0 A 3R 350
e
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Daphnia carinata
4 3 R

5 Scenedesmus obliquus
Py o A FLEHB0H Ll g
Industrial filter cloth with
aperture of 30 mesh

1. BET 4

Danio rerio
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| 5. fL#2H200 B Tk pg A
T Industrial filter cloth with
TN

apertures of 200 mesh
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Cylindrical glass
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Fig. 1

test device constructed by unidirectional multistage enclosure

Schematic diagram of microcosmic experimental system
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2 Z55 (Results)
2.1 AFEHREE Cu® 7Efm N P R P X KAES RS
H IR 1Y) S

W 2 s, 2 A RVEMBE S EE 0 ~5 d

WIEARGRRR RS, 255 3 RAUCA W/ MR T R b
FRIAIHERS AES ~9 d AT 11 d NS E LR A —
SEMRRE B BT, B e 02 o, e % AR R AN
A5 SR AR R K R % B O B (O M
0.036, AR EE(0.01 mg- L") Cu® i 1 2H 3 2%
B FUAE RN A 2 R AR AR AR AR, S 45 AR
BB FE (IOGFE (O, )N 0.041, Ho28 IR 6 2 AN
W EE0.01 mg-L™HCu® iR IR I W1 I 2 5 1 k7%
SR G B 1 B I fa ¥ R A7 3 BH I 5 ) (R %
FET-HN 0% BED AT F R 0%), FRBIER
S, —E W ©0.04 mg-L Y Co FEESAMT,
RIS AR A e 0 AR K I B 5 0.,0.01 A1
0.16 mg-L™" Cu ¥ B 41 AH Hb 2 PR i i 3, HL R
LRI MRS T-(FET- 3 5 3k 80% ), HBE L £ 11y
TERAZWHEEHGET R A 0%), 75 ~11 d iy
FEA T S T P9 B RS T KA £ 3%
WA fak st EilK 45 R AT 0.04 mg-L™' Cu™ iR I64H
1) 38 25 P2 (OB G 15135 0125

—a— C(Cu*)=0 mg-L™!

—e— C(Cu?")=0.01 mg-L"!
012} —4— ((Cu*)=0.04 mg-L*!
—v— ((Cu?*)=0.16 mg-L"'

0.141

=
]
<
= 0.10F
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= 0.08F
=3
gyg § 0.06F )
< 0.04f :
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= 0.02r =
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Time/d

B2 BKENPERGETARRE Cu” WEFEE
X RGE R AR REEEN M
Fig. 2 Effects of different concentrations of Cu’" on
the density of Scenedesmus obliquus in the system

under high concentrations of N and P

AT EE(0.16 mg- LAY Cu” iR AE0 ~5 d
T WS AT U ) B2 IR R KRB A AR TR I
S ATEBR T RV E MR AE 5 d KR Bz 3|
WRWE Cu B E , RN S REH 7 RE
W AT /NI LT (H 53 45 T g R G WO B
(O )R FEAR , P55 BE MG BE (Oyey ) M 0.035, F
HAEZHRE T LR ETIT-FET R IK 100% ), B
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LU0 0 BoF WA 15 0, A2 B B 8] 7 ) 90 2
AR 2 J3 VR R B 3 1) B 0 e A7 00 R0 AT B
LIEMBE S LTI N 0% , KBt K (0 55 4K
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ey g m SR A, 7E 1 ~3 d WKk COD,
N IR 7 3 ~ 11 d /KK COD, %
1 EF, 2 11 d IR S5 Rt KR COD, fH R
227 mg-L™",

Mooz R B17 %
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Fig. 3 Effects of different concentrations of Cu**
on chlorophyll a changes in Scenedesmus

obliquus under high N and P conditions
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—a— (C(Cu*)=0 mg-L!
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Fig. 4 Effects of different concentrations of Cu’" on

CODg, changes in water body under high N and P conditions

0.04mg-L™" Cu’ kB4l COD,, 7£ 1 ~5 d /)
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Fig. 5 Effects of different concentrations of Cu®" on turbidity

of water in the system under high N and P conditions
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