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Abstract; The Taiyuan region of the Fenhe River is a large park with a theme of “people, city, ecosystem and culture”
which promotes relaxation, vacationing and sightseeing. This portion of the river is approximately 12 km in length, 500 m in
width and covers an area of 600 hm’. In recent years, the influx of domestic and industrial sewage in the upper reaches of
the Fenhe River has caused the self-cleaning capacity of the river to deteriorate, degraded the river's water quality and
enhanced eutrophication in the water body. Subsequently, sensitive species of phytoplankton have dramatically reduced,
resulting in a decline in the river’s diversity index and a more simplified community structure, which is prone to

cyanobacteria blooms. To date, more than 60% of the lakes in China have been subject to eutrophication and have suffered
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from cyanobacteria blooms. Microcystis is the most frequently reported cyanobacteria genus. It has long been a primary focus
of attention because of its potential to produce microcystins and to cause an undesirable taste and odor in freshwater sources.
In 2011, the section of river in Taiyuan was subject to an unprecedented cyanobacteria bloom over a large area. While the
affected waters spanned a length of several kilometers, the area between the Yingze Bridge and the Nanneihuan Bridge was
the most seriously affected. To control eutrophication and prevent the recurrence of blooms, phytoplankton diversity and the
presence of odorous compounds produced by Microcystis were investigated in the Taiyuan region of the Fenhe River. The
water quality assessment was based on data collected during July and October, 2012. A total of 126 phytoplankton species
belonging to 65 genera and 6 divisions were identified. Among these, the Chlorophyta was the most dominant division,
including 57 species from 25 genera, followed by Bacillariophyta, with 40 species from 26 genera, Cyanophyta with 20
species from 9 genera, Euglenophyta, with 5 species from 2 genera, Dinophyta with 2 species from 2 genera and
Cryptophyta, with 2 species from a single genus. The dominant species in July 2012 comprised Merismopedia tenuissima and
Microcystis incerta ( Cyanophyta ), Synedra acus ( Bacillariophyta ), Scenedesmus quadricauda and Dictyosphaerium
pulchellum ( Chlorophyta) , Peridinium pusillum ( Pyrrophyta). In October 2012, the prevalent species were Merismopedia
tenuissima , Planktothrix agardhii and Oscillatoria amphibia ( Cyanophyta) , Synedra acus ( Bacillariophyta) , Scenedesmus
quadricauda ( Chlorophyta ) , Cryptomonas erosa ( Cryptophyta ) in October, 2012. The average cell densities of
phytoplankton were 188.28 x 10° cells/L and 58.66 % 10° cells/L at the Yingze Bridge area in July and October 2012,
respectively. Meanwhile, the average cell densities of phytoplankton were 83.78x10°cells/L and 65.99x10°cells/L at the
Nanneihuan Bridge area in July and October, 2012, respectively. This indicated that the water body was eutrophic. The
Margalef index ranged from 2.04 to 2.68, and the Shannon-Wiener index ranged from 0.49 to 1.00 and the Pielou evenness
index ranged from 0.13 to 0.26 at this location. These three indices revealed that the water quality was medium to heavy
polluted. Eight purified Microcystis strains were isolated from the samples, and their volatile odorous compounds were
determined by gas chromatography and flavor analysis. Among these, six strains were found to produce the odorous
compound B-cyclocitral. The presence of these problematic species and the resulting compounds highlight the need to

improve the water quality in the Taiyuan section of the Fenhe River, to prevent the recurrence of blooms.

Key Words: Taiyuan region of the Fenhe River; phytoplankton; diversity; Microsystis; odorous compound; water

quality assessment
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25 SV E M M AE KR R R AE LU, BT A 50 mL SREEH Y, HEr — AN SRAE I o A D R AR R Dk [
FE TR E 5 — AR P OIS AROKAE 1 M SC IR % 5, SR FH LA B A0 AE 1 B ST A 45 i VE 1 B
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Margalef ZREMEFEE M O D = (S-1) 7/ InN, ZH S SFSEE, N R ANAREL; D ABLER K 5 B i . 0—1
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Shannon-Wiener ZFEHEIEEC ' N H = -3 (n / N) In (n/ N) , 2 H {HAE KK F#ETE T .0—1 HE
Y 1—=3 hrhis gy RT3 AR YeElidois gL,

Pielou 42 FEHE%0 ") J = H / InS |3 H 4 Shannon-Wiener ZFEVEFEEL, S WA IEHL, SRAG IR WA D)
BR8] BEFE B T (6 0—0.3 NEI5YL 0.3—0.5 N5 0.5—0.8 NiRi5Yeaf oI5 4L,

P HEE 135307 4% TR Menaughton fEHVETER 2 Y = n/ Nxf,  SRIGIRHFH R E S5, b n
55 I ANREL, N RSl S HR R B A R RS Sl 7 s B AR
1.4 (s SRy Bl
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NaCl Fl—A/ N T FEaS e 7 AR (08 DORCE T R B PEAS L 60 COKTB T 15 min, BEFEER 5 %k
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SN . ST ST N 5 vy . . 5C /min
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N H BT IR R Z A 25 J& 57 A, 5 AR 45.0% , RO RESETT, A 26 J& 40 B, 5 SR LAY
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BOEE A A W5 3 1T BTN 2435 ( Merismopedia tenuissima ) S 5E T 28 ( Microcystis incerta) , FEFE ] IR EFFT
¥ (Synedra acus) , 283 ) VU FEMEBE ( Scenedesmus quadricauda) \FETR EREE ( Dictyosphaerium pulchellum ) F1H
B THRINZ H3E (Peridinium pusillum ) 10 H 453 WAL 30 A 85 36 1T A Sl N 24358 B EQ T 22 38 ( Planktothrix
agardhii) PAREIBE ( Oscillatoria amphibia ) , BEFE ] A ASER AT 38, 205 171 00 U 2 A0 5 R0 R0 ) %) i okt B3 e
( Cryptomonas erosa)

2.2 FRIFEY) AR

TR AE ) A L 25 T R S WK A o 8 SR AL AR B I B 4R b . 2012 4F 7 A 00 10 3 3 5 Be I e A )
P EIAR LR L 53 5 188.28x10°4/ 1 Al 58.66x 10°4~/L, i PN IR AR BEIT i A 495 1~ 34 40 0 2 &2 50531 g 83.78
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10°4~/L 1 37.57x10°4~/L,
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Table 1 Phytoplanktonic cell density in the Taiyuan region of the Fenhe River

[BES 7H3H July3 7 A 26 H July 26 10 1 9 H October 9 10 1 26 H October 26
Division MWPERKE WA MWPERE NI MPFERAT BN FPER F N PR
W] Cyanophyta 132.80 61.85 150.75 34.85 42.38 82.75 44.80 28.08
LEBEI] Chlorophyta 33.75 23.95 14.85 14.45 8.75 5.33 7.50 5.33
Tk [] Bacillariophyta 26.85 19.40 16.40 12.65 9.00 1.75 4.38 4.08
F#17 Pyrrophyta 0.45 0.00 0.00 0.10 0.00 0.00 0.00 0.08
[0 Cryptophyta 0.35 0.20 0.10 0.10 0.25 4.42 0.00 0.00
#3177 Euglenophyta 0.10 0.00 0.15 0.00 0.13 0.17 0.13 0.00
A3t Total 194.30 105.40 182.25 62.15 60.51 94.40 56.81 37.57
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AT 0.69, Pielou B4 BEHE ¥ J AT 0.13—0.26 2 (8,7 H 43 FHE N 0.23,10 A 4 FH1H
0.18.
2.4 (U SR TR 2 AR
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Fig.2 Gas chromatography ( GC) chromatograms of soluble compounds in Microcystis strains and the standard sample
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i I WA ) O R R0 A ) i 1AM RIS T ) & B SR A e, X T S DOK AR B 8 TR i — 2B A5 v
W AT 3 FH I WA ) DL S5 R AR ) i i) 8 A A T I A
32 R IR

H YR S DR A 5 | RES K AR S DR ) R 28 i 1 ™ B AR B [, TR K K™ ity v 8 S A o A1 3
SZEAATH AR, BRIk , XK AR R AR K IR A PR AR A AR 3 B S R A 35 MR BE S DR TR 0 Sk,
IR BE S R 1, 45 1 %5 I (earthy/musty/moldy ) | 55 7 Bk ( fragrant/ vegetable/fruit/flowery ) | 5 A K ( grassy/hay/
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( chlorineous/ozonous ) M 2454 ( medicinal/phenolic ) 25 8 212 | /K A i i 28 7= Az 1) S5 R A Yk A AR 1y 24 6

http ; //www.ecologica.cn



3362 JAE = 35 %
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