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Evaluation of the effects of ecological remediation on the water quality and
biological toxicity of Dagu Drainage River in Tianjin
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College of Environmental Science and Engineering, Nankai University / Key Laboratory of Pollution Processes and Environmental Criteria ( Ministry of

Education) / Tianjin Key Laboratory of Environmental Remediation and Pollution Control, Tianjin 300071, China

Abstract: An ecological restoration project was conducted in the upstream portion of the Dagu River to improve the urban
river water quality as well as to achieve pollution control and remediation of a sewage drainage river. Plant species for
phytoremediation were screened and different species were used in the field project. The growth occurred in the following
order: macrophytes > slope plants > submerged plants; among different microphytes, Sagittaria sagittifolia > Phragmites
australis > Scirpus tabernaemontani > Typha angustata > Iris pseudacorus; among floating plants, Water lily > Lotus. The
pollution status of the water body in the phytoremediation area was monitored and compared with that of a clean water area in
Mati Lake at Nankai University and the Outer Ring River of Tianjin. In addition, the effects of remediation on the water
quality and ecological toxicity of the drainage water were analyzed and assessed comprehensively to show the effects of the

ecological remediation project. The results showed that the water quality was improved by the cultivation of aquatic plants
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such as Scirpus tabernaemontani. N and P were found to be the main pollutants in the Dagu Drainage River, and heavy
metal contamination was not serious. Phytoremediation affected conductivity, total dissolved solids ( TDS) , salinity and
chloride content to some extent. Good remediation results were observed for organic pollutants such as COD, with a
degradation rate of 54% around the plants. Water samples in the plant growth area showed much lower COD values than
those from areas with no plant growth. The N and P values were also highly relative to clean water, which was assumed to
be a result of the bottom sludge with low dissolved oxygen (DO) and pH conditions. Principal component analysis showed
that the water quality parameters were mainly nutrient related substances such as ammonia, total nitrogen, total phosphorus,
and other items such as pH, DO, conductivity, TDS, salinity and chloride. Comprehensive assessment showed that water
quality in the reed root zone was the best. The 17 water quality parameters were grouped into five categories based on cluster
analysis, which showed good consistency with the results of principal component analysis. The plate counting method result
showed that the microbial numbers surrounding the rhizosphere were high and had higher species diversity. The number of
bacteria was lower than that of fungi. Phytoremediation reduced the toxicity of water samples on root elongation of wheat.
The water sample was toxic to luminescent bacteria, which indicated potential acute toxicity, but the difference was not
significant. The water in the remediation area did not show acute toxicity against daphnia. Further screening of remediation
plants should be conducted to identify plants species with higher nitrogen and phosphorus absorption ability to enable the
removal of pollutants from contaminated river systems. Additionally, microbial consortium can be added to the water system
to increase the decomposition of organic pollutants and transformation of toxic substances, which can improve the efficiency

of remediation projects and realize ecological restoration of rivers.
Key Words: ecological remediation; Dagu Drainage River; pollution; water quality; biological toxicity
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Fig.1 Diagram of sampling sites
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JCR M EBRAEHEAER /N, L= T Kb &AW & &, nT e YR U T R A A, WA oK A
Wt R RS Y rh ) AU 5 B UDAR G, /U mT LM i e R s 3 K o ok P R Tt sk B AN AN 5 A7 A ) ] 28 4
MBI 2 /0 S8 5 pH (B AL AR DL S A 4 sh % R 5 IR Il vT BE 2l T — 28K R IR 19
A AR RS U HP 1) U B 2 (R RS T K P BT v R AU B AR A RS X R e 0 A A R
T VA I E T R, K S A R S R S B R WA S A, TR L 0 A A R R R
DU 0, 23 5 M L A0 R Tl P R AT A T 5 i B S ROR . 45 s WL TS e AR ™ 5, COD ,BOD, 348 A if, K
T 2—5 S SAEYIE X EY COD \BOD, I 15 7K HE 1 /KI8T A8 K 5 10 B 90 4 L Rty
KA WS Y™ 5 PR A Y e A AR IR A DL & i B B RO B3 (H B K n e A — e R e

2 IEREKHEMELS BN ESER, K& EESERNEIR, & S IEARNFEE SR YN, Cr Zn
AR Cu Pb Al Cd 8k, KPP &N ESESFEEF AR, TESE & ERAUT AEY X K
M A BB E AR,

x2 KHEELESE/(mg/L)

Table 2 Heavy metal content in remediation area and reference area

RHE R (DAL

Sampling point Site er td Zn Pb Cu
1 ez ) 0.024 — 0.0912 — 0.00375
2 IR A AR 0.02675 0.0005 0.11905 — 0.00475
3 AR 0.031 — 0. 107275 — 0.004
4 IK AR 0. 02875 0.00125 0.12815 — 0.0035
5 PSR 0.0245 0.0025 0. 168525 — 0.0025
6 el ] 0.0445 0.00225 0. 13665 — 0.006
7 SR 0.022 0. 0005 0.03955 — 0.0015
8 BBH 5K HES A 0.028 0.0005 0.116975 — 0.005
9 I 5 8 0.02275 — 0.0856 — 0.00175

2.1.2  FERS TR

X9 A RAE KRR 12 TR IR AR AR AN 4 Fh i G I 16 TR ARt 2 BREAT W40 (B Pb & 1
& AR U B o Hrde ) A 32 8050 73 A S K BE K B AT 25 G PEA o X R s il
BAGHEA TR EACAL I AT B &R AR IR | 3 000 1 DTER AR DL S BRI . 18 JLAS R, 15 345
F BT, B TS Y Li B AR o0 0 4 KT HEA T PRI, V5 YL 25 B A5 o0 s /K TR 22 |

PSR AG B AT B 5B, B GH EAr F. DAFR 3 AT LU M, e HE 3 10 43 A 1 Bl 228 BB U
PR 3 AN FAER TR il 3 A1 BT 22 TTERRIA 31 89. 023% |, gt 71 /AR F AR I+ 1 1
o BEAFR A MRS XT3 A ERG T AT 8T 5 — U 0 22 DT K, 15 66.330% |, 3d i 3 A
TR AT HE B TT LA A — o 7R T A A8 e b i B AR AR 25 8/ B TE pH (B RN i L ny gk far A 1, 3L
AR B F BTN I OB T 25 FR bR KBRS A 25 G AR AR DTk, H: v 8 A (AR AR IR 7K B S 880k 24
A EASBECRIEFITER K pH (H AR E B35 TDS Fh &Y, X T 280 min, 2w
S RS B BRI 5 R T 2R R A s K AR 52 T R 1 S B AR A R BT U 7 SR A 1 G R 3R
I, AR AR AT (H 22 BERE/N , BB PRER B2 M K BB (0% o — R B S mT LU et K AR 1Y
B SRR LR T () BRAG P BRI B 7 SR PR . BB U 107 22 TUBR O 11, 814% R TH — &
BT B DTER B AE COD \BOD; \Zn Fl Cd 845 1 (R 87 55 A, AT 3% 3 1840 S e 1 YT i i WL TS G 1 o X o
&)@ Zn (Cd 15RO, b 505 JoR R IEARDE, TS5 E AR Zn Cd 520, 5 = Flam i =
DUBRFE N 10.879% ,7E SS Cr A1 Cu F8hr LA E A e K, AT L% ERLA3 e it 78 43 & Cr A1 Cu 75 G R B0FE
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DX 2 AR K TR AT, 1—6 RIS AL R AT BOK FCIR G5 S B AR U 22 15 B S RCR A 3 (HT5
PRI T 8 S, AR A B EACR,

R3 FEERERSTEHKE

Table 3 Eigenvalue and contribution rate of principal component

F L J7 2 BTk R SRy 2 vk
Principal HHAE(E Variance contribution Cumulative variance
component Eigenvalue rate/ % contribution rate/%

1 10.613 66.330 66. 330

2 1.890 11.814 78. 144

3 1.741 10. 879 89.023

4 1.018 6.361 95.384

5 0.465 2.908 98.292

6 0.162 1.010 99.302

7 0.084 0.528 99. 830

8 0.027 0.170 100. 00

x4 ERHEEE
Table 4 Loading value of principal component
=3 AR Bl

c}i;il variable 2 = z3 E:;il variable 2 22 z3
pH & -0.297 0.048 0.153 BA 0.297 -0.017 -0.087
ey ik -0.254 0.170 0.154 S 0.296 -0.084 -0. 004
CERS S 0.300 -0.025 -0.117 A 0.277 0.165 -0.050
VoS i e 0.300 -0.027 -0.117 SRR [ AR 0.138 0.192 0.616
MR 0.301 -0.012 -0. 124 Cr 0.181 -0.009 0.562
CoD 0.167 0.476 -0.121 Cd 0. 144 -0.353 0.124
BODj 0.214 0.495 -0.105 Zn 0.197 -0.540 0. 054
HA 0.285 -0.040 -0.113 Cu 0.241 0.077 0.384

7172 73 SRR — B = E R

x5 EHNBANSEAEEZSRS

Table S Principal component scores and integrate score of pollution levels

KA frm BRSSPl BTN F2 EEEMES F3 SRR ES T KLE A HEA
Sampling Site Score of the first Score of the second Score of the third Integrate score of Water quality
Point principal component principal component principal component pollution levels score ranking

1 e E) 1.162 1.506 -1.376 0.799 7

2 K ZARHR 1.220 -0.346 0.209 0.791 6

3 AR 1.101 -0.052 0.142 0.739 5

4 K ZARR 1.285 -0.567 -1.152 0. 660 4

5 Vak i 1.335 -2.452 -1.248 0. 460 3

6 R ] 3.188 0.203 2.784 2.442 9

7 S -3.478 2.119 -0.581 -2.120 2

8 A B TE K HES 1.468 0.737 0.263 1.090 8

9 = ] -7.281 -1.147 0.958 -4.861 1
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2.1.3  BEOWIEM SEARKYEE R
St K3 TR K R D B 2 O ANRE ALY 17 AN KR A JH 0 s 1 1520 2
TKIFAERR BB - mam e
FHEAT R BT, X BB RSB, 174

HL 3 34
TEPR BT 700 5 26 (K 2) AL R TDS B R 5L ﬂg; ; -
\%%\Amxﬁ\zm\ 5 5 A 5 N I'\ u; A l'l; u‘fmﬁ‘ﬁ 9 —+
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FERWIDK P X IR PR AR E R BORT 0.9, HILIX 4 E2 REKEESHRORES

ISR EAA LR —, AR EFRICENREA. Fig. 2 Cluster Analysis on the items of water quality
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