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Identification of black suspended particles in the algae-induced black bloom water column

SHEN Qiushi & FAN Chengxin
( State Key Laboratory of Lake Science and Environment, Nanjing Institute of Geography and Limnology, Chinese Academy of
Sciences, Nanjing 210008 , P. R. China)

Abstract; The black bloom phenomenon is one of the most serious problems in some hyper-eutrophic shallow lakes in China. The
black colour and offensive odour were their most significant and basic physical characteristics. However, no firming evidences had
been presented to explain what the black causing particles were in the black bloom water. In this research, the algae-induced black
bloom was simulated and the chemical compositions of black suspended particles which were intercepted under anaerobic condition
after the algae-induced black bloom simulation experiment were analyzed using multi X-ray based approaches. Scanning electron
microscope-energy dispersive X-ray spectroscopy and X-ray fluorescence spectrometer analysis showed that algae residues and sus-
pended sediment particles were the main substances and C, O, and Si were the main elements of these black particles. Compared
to the check samples, black bloom suspended particles performed higher Fe and S contents. Detailed X-ray photoelectron spectros-
copy analysis for Fe and S proved that Fe were mainly in the Fe( Il ) form while S were mainly in S’ form and the majority of
them co-existed in the form of FeS. Therefore, in the hypoxic and anoxic black bloom water column, abundant Fe** and 382~
could co-precipitate into FeS. These black FeS could suspend in the water column or absorb on suspended particles, which caused
the black color of the water and marked the formation of the black bloom.
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disulfide, DMDS) |, — Ff 3 = ##i ik ( dimethyl trisulfide , DMTS) 1 H &7 % ( methanethiol , MTL) %5 {0 3 B9 44 & P
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Xof B K 132 7 AR B B 0 O 4 ST 25 W R 43 A7 R S 35 2 33 431 4 v 7 2 8% (SEM, H 7. S-3000N)
5 X L RERE Y (energy dispersive X-ray spectroscopy , EDS) Bt 4% A B} SEM-EDS #E47, Hoi SEM I FIE &
WL, EDS FHF 1 X 0 K AN & & 43 M. ) A X-5F 28 9¢ 96 6 1% 4% ( X-ray fluorescence spectrometer, XRFS,
ARL-9800 ) X B i Ok ) HEAT 42 1 4347 , LASATAE it v 3238 32 S0 R L0y S o5 401 ek, BRI T X-51 48
G FHETE 4% A ( X-ray photoelectron spectroscopy, XPS, Thermo Fischer ESCALAB250 ) Xt i 47 Jifi Hh 55 B A sk
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Fig. 1 Photos of suspended particles of black bloom(left: check; right: black bloom)
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Tab. 1 SEM-EDS element contents analysis of suspended particles

S C 0 Si Ca Fe S P Al K Na Mn Cu Zn Mg

XTHRZH (a) 60.92 24.68 5.63 1.47 1.8 =n.d. 1.05 0.52 0.32 0.48 0.21 1.82 1.04 n.d.
(b) 21.54 56.33 17.68 0.16 0.15 n.d. n.d. 071 n.d 2,13 n.d 0.68 0.62 n.d.
WZ4 (c) 55.22 26.43 3.29 0.45 2.96 4.86 n.d 1.82 0.18 n.d nd 379 0.65 0.34
(d) 58.03 16.67 8.39 0.79 3.18 3.8 nd 099 071 1.16 n.d. 3.8 2.31 n.d

# n.d. FORAKH, TR
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P2 () A 2(d) 235 by 2 o i A6 B OB B9 EDS BIX A, e ] 2 (e ) S BRI BT IX I 141 2(d)
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Fig. 2 SEM-EDS analysis of water trapped suspended particles ( (a) and (b): check; (¢) and (d) : black bloom)
S Cu JUE BT 7 L34 i B . 3192 4 A BB BORE ) €2 O L3t e, C 3R B LA DL U AE 4 €0
JUEREHE FBEHMICE (R 1), K, W72 R 5 BUR ) 5 LS 38 5 e R o i s A £ (EA B I,



WHKEE  RRBEME KRS LB A ER SIS SR 595
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R, SR FeS HIOCH) Fe S PIRNTTER , HARXT S 5 708 HEAE il R A it rp BAT W] . 22 5%

SR IRAEAR LL, WIEZ AR A P A Fe A1 S A 25 W] S0y ok U W SR R 49 S5t 1 B3 AR G AEL A, 92 0
R ESEICAE T AR Fe S 2. W12 KU BLAT R IR S S i 40 1 Fe S 2R, 33 R K IR SR 5
TURLY) T e B i 1Y Fe S SR B UR. HUR AR A0 P AR R BT — s He— I AR A v R = 0 B T A U
RS Fe S 2R o0 B H W T2 T ORI 1T, (75172 B ORI Th Fe RS & 4 TH iy s -, 02 IR 40K
PRy Fe* 1 387l ik A2 ALY TTE I U (L FeS 124 Ik 11 AR, V7 T /K PR s BT 7E T3 A 2k 7
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Tab. 2 XRFS analysis of suspended particles in the water

S ZH Si0, S0, Al 04 P, 05 K,0 Na, O Fe, 04 Pk R HE
popiisE:] 56. 15 3.85 5.43 6.75 4.29 2.83 1.45 19.24
137 21 47.79 14. 47 5.57 5.04 4.11 3.49 2.49 17. 04

2.3 WizBEBEFHH YR XPS 531

X A BA AR A HO T Z A it BT IR FIORE ) 5 53 31 EA T XPS 20 Ar, 5 R ANTE 3 K3 3 . 5 %) B AL AR
L, WZRERAT IR Fe JURFHIEIE (1 3) . B OTRAN & ik o3 Wr sl Rk — 25300, MOk e R AU L
C.O\N.Si yF,Fe St hiff—E M HLHI (2 3). PSR C:0 J5i Lt , X 55 SEM-EDS 734115 Hi Y
SERIEARW 5. 50 BEREAR LE , W2 K ACBURL ) vh Fe RIS 5 B WS A e, A 20 il LA B = 10. 6 %A
3.5 4%.

% 3 KR ETR ISR ) BT R AL AL XPS 4347

Tab. 3 XPS element contents analysis of suspended particles in the water

TR &R/ (AL % )

S ZH

C 0 N Fe S Si Mn
popiikiEl 60. 25 29. 86 7.57 0.1 0.26 1.54 0.11
177 21 58.78 30. 28 7.21 1.06 0.92 1.06 n.d.

TE A RIS, B0, FeS B4 JR B AL BN S 1R 25 52 15 U S SLOK M S SR I B B IR s
i — RN A W] Az PR IURI G My Fe (S 5 EW]AR 8 T 0] BEEE. SR, X P AR TR AE A S8 5 P IR
St BAL B 20 2% JUH: S SUR BAT R HEA . Ik, Wz R b Fe 1S STR AR ER]
TE R 6 T T A 9 e 2R LUART IS > A, o 00 8 G SR, ) S D DR B A i 0 S A e, o R ) e
A EE X Hg \Pb Mn Fe S 250 R FIH] XPS JEATHRFAEUERL X S0 47, 34T 7%, Hg \Pb Mn 3X 3 FhOCR & LT
ARG R, BOA B R AR AR S R Fe SR O RHAIEIE ] .

BRI S JUE XPS RIX T 45 R M 4a s, S0 RERE S AR L, 02 K ASSURE A il v S 35 B 5
Fw, H S 2p 5L B R AR, SRl 25 T LUE AE A B, WIZ AR D S IR ALIE IS S
K AL S A S8y HS TSy Sy S — S ZE i A b DA SRS TR R AR AE I B S £ RE LY
Hy161.3 eV b, Zht S JEH FEELL S LB BIRAEAE ™ R IBALIIE SAFAE R S* 22172 #0800k
Y s S A RZEMEL hTER T Fe 240, FF SR ESRITR /T LY S TR MER LY, Bt 7E iz +
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Fig. 3 XPS analysis of suspended particles in black bloom water
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Fig. 4 Detailed S (a) and Fe (b) XPS analysis of suspended particles
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