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Exploration of benthic diatom indices to evaluate water quality in rivers in the
Dongjiang basin
DENG Peiyan"*, LEI Yuanda', LIU Wei’, WANG Xutao®

1 School of Chemistry and Environment, South China Normal University, Guangzhou 510631, China

2 Water Environment Monitoring Center of Pearl River Basin, Guangzhou 510611, China

Abstract: Benthic diatoms are considered one of the most suitable organisms in bioassessment of water quality because of
their high sensitivity to water temperature, nutrients, organic pollution and heavy metals. Since the 1970s, a number of
indicator indices have been developed and used for the assessment of river quality including the IBD ( Biological Diatom
Index) , TDI ( Trophic Diatom Index), SLA (Sladecek’s Index), TPS ( Specific Pollution Sensitivity Index), IDG
( Generic Diatom Index) , DESCY (Descy Index) and CEE ( European Economic Community Index). However, it is still
not clear whether the ecologic signature of diatoms differs between these indicator indices. Moreover, in China, river water
quality monitoring is usually limited to physi-chemical variables, which provide a snapshot picture of chemical
characteristics at the time of sampling. Assessment of diatoms has the advantage that their observed status is a reflection of

water quality conditions over a period of time prior to sampling.
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The Dongjiang River basin, as one of the main river systems in the Pearl River Basin, provides significant ecosystem
services, such as drinking water, electricity supply, transport, irrigation water supply, fishery.

In this study, seven diatom indices (IBD, TDI, SLA, IPS, IDG, DESCY and CEE) were tested to evaluate the water
quality of rivers in the Dongjiang basin by means of correlation coefficient analysis, factor analysis, cluster analysis, box
plot analysis and discriminant analysis. Pearson correlation coefficient analysis showed that IPS,| IBD and IDG were closely
related, and IPS, IBD, IDG and CEE had significant correlation with BOD,, CODy,,, , NO,-N, NO,-N. IPS, IBD, IDG
and CEE gave better performance in comparison of the seven diatom indices characterized for different water quality groups
sorted by 8 key physicochemical variables (DO, BODy, CODy ,, TN, NO;-N, NO,-N, TP and SiO,) indentified by
factor analysis. Results from stepwise discriminant analysis ( P to entered = 0.20, P to removed = 0.25) were represented
as follows: for IPS and CEE, NO,-N was the only selected variable, and the correction percent was low by 55. 6% and
48.1% . The discriminant analysis selected NO,-N, CODy,, and DO for IBD, and the correction percent was up to
74.1% , IDG was discriminated by two variables ( BOD; and NO,-N), and the correction percent was 63.0% . IBD and
IDG showed clear and reasonable trend in the box plots with water quality groups clustered from the diatom communities.
This study suggested that the diatom indices can be applied for monitoring rivers in the Dongjiang basin, especially IBD
and IDG.

Key Words:; benthic diatom; Dongjiang river basin; water quality assessment
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F1 BUEGREZAXRY

Table 1 Significant correlations among physiochemical variables

AF 4R 1 Variable 1 A5 2 Variable 2 AAFZHL Corelation coefficients
1,53 Conductivity kW) Chloride 0.926 **
S Total nitrogen(TN) %A NH,-N 0.986
JSVA Total nitrogen(TN) B 5% Conductivity 0.968 **
S Total phosphorus(TP) iR ER PO, -P 0.978 **
* % P< 0.01

%2 KMO 70 Bartlett 38
Table 2 KMO and Bartlett’s tests

URE FE A R Kaiser-Meyer-Olkin JE Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.769
Bartlett BRI K65 L7 Approx. Chi-Square 185.871
Bartlett’s Test of Sphericity EN::PES df. 26
B M Sig. 0.000
*3 BEFHHM

Table 3 Total variance explained by factor analysis
eSS )5 FZ A Rotation Sums of Squared Loadings

43 Component -
&t Total F7 ZE TR Percent of variance/% FRTTHR A Cumulative percent/ %
1 4.434 49.270 49.270
2 2.107 23.410 72.680
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2.3 FEREEEOS LAY F4 BEFHRER (N TRAT0.5)
K2 R, 7 BIREERIEATE A1 2 A4 KR4 Table 4 Component matrix
BRI G i 2 2% 5 (P<0.05) , IPS . IBD . IDG #11 CEE 143 Component
Bifi 5 7K 5T 43 25 45 G R 1G22 T B ¥, DECSY, S ! 2
DA SLA 3 8 HON S B ah ks, popeps, b b T el g oy
IBD . IDG Fl CEE 4 T4 %t A~ —2 34 TAE, J4.9% Total phosphorus( TP) 0.904
2.4 1IPS, IBD, IDG #il CEE #8500 250 Vi it % Dissolved oxygen(DO) 0. 844
WAEA NO,-N 0.828

FIH 1PS . IBD . IDG F1 CEE4 445 5 47 7K i 43

NN . o B Total nitrogen( TN) 0.755
2 15255 B(B1,B2,B3,B4) . 259 B o Rt R34 1 b 75 50 Chemical oxygen ,
N.B1=13;13>B2=10;10>B3=7;B4<7, damand ( CODyy, 0, ) 0.753 0.56
SV AT AT, MBI AR GG R FERER SO -0.887
fili% NO,-N 0.761

WK P=0.10 A1 P=0. 15 i, & 3 WoR2k
A B | AR BT 3 /0 IPS Fil CEE AR ki 17
NO,-N,IBD i i T NO,-N ,COD ., , IDG ¥ T BOD; \NO,-N, BOD, 7E 4 % €] #1331 WAL UL 20, 1
NO;-N B B1 % B4 /K B2l B L b IHEa

PEEE G| A B 570 i F K S0 ) P=0.20 F1 P=0.25 i, 3% 5 S/ IPS Fl CEE 5804 4% H ik
NO,-N 845 , FU E R, 55. 6% F1 48. 1% ;1BD LTI AT NO,-N, COD 0, Fl DO 3 i eAE i |
FIEHIR R 74. 1% , 28 XKGIIE R A 63.0% ;IDG 845051 A T BOD, Al NO,-N BIA~E 5| [ 4] 51 A sg
NG A IEA R R 63.0% M1 51.9% , #e IBD F1 IDG F5EGHAT F—2 047,

®5 BEHRNSW(FIAL P = 0.20 HIBRMY P = 0.25)
Table 5 Results from the stepwise discriminant analysis ( Selected and remove variables at P = 0.20 and P = 0.25, respectively)

FEMER (7 st 531 ) 232 AE T 2/ % BE SR A 432 AE A 22/ %

iR EIPNIE!S

K . A AR FH Percent of original Percent of correct classifications
Indices Selected Variables e _ o A
F-to-remove correct classifications after jackknifed cross-validation
R 15 YL U EL Specific
NO,-N .001 .69 .
Pollution Sensitivity Index( IPS) ? <000 53.6% 35.6%
kAW HE 5L
NO,-N 0.003 74.1 63.0
Biological Diatom Index(IBD) ? % %
CODKMnO4 0.213
DO 0.173
e YRR BOD; 0.004 63.0% 51.9%
Generic Diatom Index(IDG) NO;-N 0.068
i BE e R | .
Wk 2 BRI European NO,-N 0.006 48.1% 48.1%

Economic Community Index( CEE)

2.5 fEEERETE A SEVEAN

ALK E A 98 ANFRANEAP 8 8 B30 J& , LAISHE BB ( Navicula) , 72T 3 & ( Nitzschia ) F1iHH
FEBEJE (Achnanthes) MBI Z 7350009 14,13 A1 R, Horp 30 BT 5 LB 19 DAL, BBl 5% DA ERSA
Ni. palea,9.24% ; Gomphonema minutum ,7.63% ;G. parvulum ,6.78% ;A. catenaia ,6.43% ; Eolimna minima,
6.23% ,

F B IR AR OC ZEY 2H N IR B SRS T K 27 A E s i e e Ar v B AT /K B 226 (181 4) 143800 C
(C1,C2,C3,C4) ., SHMHF A HE~1EH S I Van Dam Al Hofmann (1) 7 3 42 48 /R (5 44 5% Cl: Eunotia
minor Fl Achnanthes helvetica "R 15YLER | 2N FH K Achnanthes J& ,van Dam 1A Achnanthes & E.358 55 ) 4
VG HF-5k 18 Achnanthes JEFPZAG R BARI TCHLE 7285 7KF- 5 C2 . Gomphonema productum A3 14 5| vh 45
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Fig.2 Box plots of the seven diatom indices in Category A

B2 ¢ h KBRS YRR EEREE C1 B C4 3 n,
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TEREESA NN ) FEWT T B a3 150 I o ik BERETE S5 4 432505, IBD 1 IDG #8850t GEAR 47 0 M 43 VLTI 0 1 7K
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Fig.3 Box plots of the selected physiochemical variables in Category B ( Selected and remove variables at P = 0. 10 and P = 0. 15,

respectively )
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O3, W22 BN R R B B A X778 il TIPS, IBD A IDG MR AR T35 [ Yl 37 1
B, BRAR L Hb PP v AT i /K BOR 2S5 TDT 86 FH T 0 A% 22 R A% =2 b X KA & 35 5246 PF M, EPL-D ( Diatom-
Based Eutrophication Pollution Index , & & 78415 YL ff 8 45 40 VBN A R T R F I R I K R Y e
1 A REBERS L, TDP #8541 ( The Pampean Diatom Index, 74 3% K w0 JFURE SE 45 450) O W BENS 4 %5062 FH T BT AR 42 R
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HEIELZ E T
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F, AW, DESCY 7E25I A BIAR R E h A W i 43 A #a %, BT DESCY 8201535 55 i RE s A A b
N2 IFRAFARAGET B Z G ERB1T , %55 530 DESCY F8E0FAN AP

TDI 5% Kelly F1 Whitton T 1995 4F 5 ¥ £ it , FA = [R, 9% 50 UE GE 98 A7 Z800F A 2 [ 7] 3 38 51K
AR ORI, TDT AESER] A (AE R IR oA tp s A B A B A (bt H . Kelly 25 76 & TDI 4§
B & B TDT ARXE X 20 A5 HLT5 Y BOKAR & 8 IR A X RE A 75 S5 A4 (R 52 ) | DT 5% ¢ 45 SR et 1 . AR
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Fig.4 Dendrogram based on the cluster analysis of the diatom communities( also groups of Category C and main dominant diatom taxa at each

station are shown )

AAMB: Aulacoseira ambigua; AUGR: A. granulata; AAMO: Achnanthes amoena; ACTT: A. catenata; AEXI: A. exilis; AHEL: A. helvetica;

AIMP. A. imperfecta; ADCT, Achnanthidium catenatum; ADMI: A. minutissimum; AMMO . Amphora montana; CPLE: Cocconeis placentula var.

euglypta; CTGL: Cymbella turgidula; DCOF . Diadesmis confervacea; DCOT: D. contenta; EMIN: Eunotia minor; ENMI: Encyonema minutum;
EOMI: Eolimna minima; ESBM: E. subminuscula; ¥SAX: Frustulia saxonica; GCLE: Gomphonema clevei; GMIN: G. minutum; GPAR: G.

parvulum; GPRO: G. productum; LMUT: Luticola mutica; NCRY : Navicula cryptocephala; NCTE: N. cryptotenella; NVRO: N. wviridula var.

rostellata; NINC: Nitzschia inconspicua; NPAL: N. palea; PSCA: Pinnularia subcapitata; SBRE: Surirella brebissonii; SPUP . Sellaphora pupula)

A VLG YR E 23 e AE R TDL F8 B0 K IR & S IR AR Ui B, 435 5 45, % PTV /NF 20% v LLE
SEMAR/NS TR TEAR SCIE 27 AR A 16 1% PTV K
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Fig.5 Box plots of IBD and IDG in Category C
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