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In-situ measurement of chlorophyll-a concentration in the lake based on discrete three-di-
mensional fluorescent spectroscopy in vivo
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Abstract: Fluorescence spectroscopy had the advantages of high sensitivity and fast detecting. The three-dimensional (3D ) fluores-
cence spectrometry was more informative, better selectivity, more advantage than the general fluorescence spectroscopy on the mul-
ticomponent separation. The determination method of chlorophyll-a in water based on the discrete three-dimensional fluorescence
spectrometry in vivo was studied. It extracted different fluorescence fingerprint properties of five divisions of algae ( Cyanophyta,
Chlorophyta, Bacillariophyta, Dinophyta and Cryptophyta) , measured chlorophyll-a concentration of every algae and got the total
chlorophyll-a concentration by plus. The three-dimensional fluorescence algae in-situ analyzer ( AFA) was manufactured based on
it. The chlorophyll-a concentration in Lake Taihu was measured by AFA. The measured values were compared with YSI, BBE and
the spectrophotometry. It showed no significant difference between AFA and the spectrophotometry. There were good correlation a-
mong AFA | spectrophotometry and BBE. The correlation coefficient was above of 0.96. AFA was better precision and accuracy than
the general fluorescence spectroscopy. It was a fast and effective in-situ method.
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Fig.1 The routine monitoring sites of Lake Taihu
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Tab.1 Statistics of chlorophyll-a concentration measurement

A psilE| AFA YSI BBE FRiER
BEAS BB 68 68 68 68
/M (pe/L) 3.07 1.3 10.9 3.56
R/ (/L) 233.0 39.9 251.0 285.0
SEAE/ (ue/L) 25.6 11.98 48.0 23.2
e BEREA KR 40 40 40 40
rp e BERE AR KL 15 15 15 15
Tk FEREA B 13 13 13 13

# ARVREE - 48 a WREE <10 pg/Ls i - 40 a WRBEAE 10~30 pg/L 2208 5 iR E « M43 a WK =30 pg/LL.
DUSEVEAN S T 3 AR AN [ e FEE DX A0 7 0 , AR o VR I A B P R a R PR DN E ML

fIR( <10 pg/L) 1 (10~30 ng/L) (5 ( =30 we/L) WEESML, 3 FhARbRE 2350155 b i1 B0 00 A 45 SRR X 5 2

RSP 25 i 2 R 36 T2 ) R -5 e I LA X 15 22 248 X0 B << 30% R RE it 11 70 38 (MR 33 ) G4 53 s (
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BT (1 B A T R 95% R AU ¢ A 5, 45 SR
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F YSI ik AFA 3 BBE 3. (2) POREAL KR 2 AL 3 FEAR T R

J3E B SR A AFA 35 R 73.7% R PRI 22  AERRIEIN 5 (A5 Bk 0 E (R AR T

S BBE ¥, MBI K N 66.7%. YSI AT 82.3% iz BRZEMI T2  MEHR ARbRA S AR HEIA I E
(B BhRIEE G, e 43.8% . AFA i BBE gy (UAHATERZZAERIT <30% Rl 7 235
(A b M 3 56 R 5 L BBE 15 10 I G {1 3% 58 4% Fig.2 Precis.ion and accuracy statistics of different
AP S M | e s e e
BrETR T (B AR 20 950 (O DU ¢ Ky, 255 of relative error among the n(;n-standard methods
R YRR a WREETE 10~30 pe/L B, AFA i 5 and the standard method measured values; the
bk Z [ 00 8 M 25 5%, YST 2 \BBE ik 5451k precision rate: sample percentage of absolute

WA BEEESR. (3) FERKREA Y, AFA PR % 5 relative error<<30% among the non-standard

FOAERA BEAR SR 2 B i1, LUk 2 BBE 35, YSI 6% 2%, methods and the standard method measured values )
AFA 3 BBE 35 il YSI 32 HE i 5 53 5| O 88.9% |
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N0 B3 531 S5 A VRV B0 00 (LA AR By 95% BOMUIN ¢ AGr G , 25 R W - 4 R a ¥R =30 pg/L I, AFA
12 BBE v& SHRUEIL Z A0 & P22 5, YSI b AR Z A W 22 5. (4) BEE M4 R a IRFEI T,
AFA RS % B2 RER R T Bt 5, Y ST VR MAORT8 BE Efl 38 U R B2 T e, U O A o ik B I T Sy 0.
22 JLMMNEF ES ENERE RS

FEMERE SRR a WREIG RN, BBE 35 AFA 35 2[RI 45 tH 0 1] AR9E 1] RE BT R 1T AN B
FTRAR I 4R2E a YR B A5 2R AR S AR TR 1 40 S U0 8 SR P S 00 6 W e T N T80, A3 45 58 R
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AFA X 5 RITEE M EREDL, 00 IR T S2o S B 5210 5 KT ZAU A . 5 RII2R4d kB3R E kK
AKAR S A WL IIF IR ) ) AT B FP 5 5% , RO B8 1) ) S S DR e 8 ( Microcystis aeruginosa) RBET T /N
i ( Chlorella vulgaris) HEEET TR MEATE ( Fragilaria sp.) W8T H 8 ( Glenodinium gumnodinium ) F1 5 5
[T BRTE B ( Cryptomonas ovata) . JEFIRYAEEERP 4R H i E BB K AR A WBTFE T ROK RN . 15 IR
PR EE R OR L R 55 R 2k, 7GRS FRAG vh X a0 b i) PR e A R AT 9 B DI B g A 42 G IRAE I 3%
PECKTE OGRS 6000 Lx, [ @ GIE Y 10 h/14 h BBy 25°C/22°C , 553 A 15 d, & A i o
N LR Y e LA L. AR RE S A R T3k 2.

1% 2 T L, AFA R BBE X R MIRE PR BFAE A 20 R 45 R 5 5 N T MRk B H AR AE ], A% U1
HAKAR P AR AR 3 YSTOR BEXTIF IR AT 70 28 IAS A4 R a SN W BT a M. X afi b i
KRB E R W] BBE BEAZ IEH 0 DXC/M i BE 2ol , AN RERERE T R0 T (H 20 3 0 i FHY 151 Dy ol g 8 23
Bt A e ol R YO A Rl A RO e T T R, U R SR O SRR B
i 10 AL B, X AT REUL 2 BBE I 5 (8 O i 9 J5L R =2 — s AFA X 5 R TT2E 3 40 26115 T BBE.
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Tab.2 Result of classified measurement

ISUIE= S EVARN -+ 7 LR/ ks Hie/ Fee/

v e o
KA (=T RS M 5E 5k (pe/L) (ue/L) (ue/L) (pe/L) (ne/L) (ne/L)
FIIRE 3 BBE 16.11 4.84 6.39 4.89 0
YSI 10.6 10.6 — — — —
AFA 12.71 5.24 1.23 6.24 0 0
bRk 8.43 1.4x10° 9.3x10* 6.4x10" 0 0
9 BBE 13.41 4.26 5.70 3.45 0
YSI 12.3 12.3 — — — —
AFA 10.22 3.23 2.33 4.66 0 0
[ARIIEES 6.57 9.2x10° 1.2x10° 6.4x10* 0 0
41 BBE 18.56 10.50 4.40 2.53 1.12
YSI 9.6 9.6 — — — —
AFA 11.92 8.06 1.32 1.04 0 1.49
bRk 14.62 1.1x10° 2.0x10* 8.0x10° 0 0
44 BBE 20.69 7.31 6.61 4.42 2.35
YSI 9.6 9.6 — — — —
AFA 14.76 8.94 1.01 4.81 0 0
JR(iRrN 17.71 9.8x10° 3.8x10* 2.1x10* 0 8.8x10°
60 BBE 74.04 57.99 7.19 2.97 5.90
YSI 14.8 14.8 — — — —
AFA 41.59 31.95 3.21 6.43 0 0
bRk 49.18 4.2x107 2.7x10* 2.3x10* 0 1.9x10*
63 BBE 107.59 104.26 0 0 3.33
YSI 15.6 15.6 — — — —
AFA 69.37 63.08 0 6.29 0 0
PR 76 2.0x10% 6.4x10* 0 0 3.2x10*
64 BBE 131.66 130.59 0 0 1.07
YSI 39 39 — — — —
AFA 89.62 78.80 0 10.82 0 0
[7RliRPS 96.84 1.6x108 3.2x10* 8.0x10° 0 0
4l LR BBE 121.88 0 118.60 2.81 0
AFA 112.44 0 112.44 0 0 0
TRl 110.12 0 110.12 0 0 0
2l BBE 73.83 72.88 0 0 0.95
AFA 53.99 53.99 0 0 0 0
PRI 56.4 56.4 0 0 0 0
4 i BBE 33.36 0 6.44 26.92 0
AFA 35.40 0 0 35.41 0 0
Frifey: 36.6 0 0 36.6 0 0
i 95 BBE 71.33 0 20 51.33 0
AFA 49.86 0 0 0 49.86 0
Frifey: 44.90 0 0 0 44.90 0
i s BBE 91.49 4.84 0.68 9.42 76.55
AFA 77.17 0 0 0 0 77.17
bR 84.20 0 0 0 84.20
alifef i + 4l BBE 31.79 2.11 3.78 10.52 15.38
AFA 49.85 0 0 10.34 0 39.50
FriE: 54.15 0 0 12.03 0 42.12

s BT HERE X AR Al B 23 MR A5 SR BN cells/ L, X AUEE A9 J JEIMBE LSRN g/ Ly ™ — F/R JC I B
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Fig.3 Correlation of measured values among several methods
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2.4.1 YSLEE It YSI Z B0l e (G2 A4 3 a WRBE BV AR, S Am vk BT W e 5. X T
R a WIE <10 pg/L BIRES , IE LA S5 BOGYSURE I TIE 28R a W T 10 pg/L YRR, &
TR LA R RIS R AR YST A IR 5 T 9 2R 1 R AE DB Y B R PO 1 12, R A Ky
470 nm Ze A7 B EEDEARE UAOG IR, ST SE B AN Hh B SR R a KO HEDEHE R 650 ~ 700 nm L FE N 99 (2
S , AN AR EAE A R AUAOE T 77 A A2 BEAR TR, 72 B # Bk TSI b, YST Y28 K a 83k
TEIE T OUT 2 PH] WT BRI AT O —BE , 7 IR — RO E AR R4 R a W OL T,
At -5 R DOR DGR AP AR BRI 25 S Ak, TR TG — MEIEARMERI T DL T, I 4R 3R a Y I 2
ZE LD SRAN RS, DR R YST S bRl R A I 3 a W LS S R R

2.4.2 BBE 3 A8 & A 53CHRL 14 ] RISCHRL 15 I BBE B3 AEZ I E (I E 1928 3K a e B0 05 M
AR L, AR SO BBE JIE AR ER a W BE BA G &5 , ol BEZ A SCPIOFRMERL 5 BBE 5 EE AR A C.
A BBE Y& SRk HAT B2 PR 25 5, U I 5 R B AR ot o 22 5 WL\ (EL S i O AR DGV B e, 13t
W] BBE 4 5 bRV Z [BIA7AE T ik A TR 22 JAE 4% K a MR =30 peg/L 9 FE AT, BBE 5 45 5 -5 4 ofi
L Z IR 2 5 I RE 25 R R 4R . BBE SRR A I A8 i (8 eV EOAR ARG TR A )
T RDECOCTERAE > o B2 x4 ek B L AR . ARk 470,525 ,570.,590,610 FiI 375 nm 6 />
W KA G, 680 nm E A [ 5E & S . PR 375 nm 380k K 96 HURE B 38 A WL W, 36 28 0 %
RICRE , PR T AT RE AT ML) 00, IS BRI 45 R AT . AR AN [R] 250 B 1) 5 A 203, it
b 5 AP BB AR X I3 AN [RI 2 51 ) 8, 45 B R iy 08 8 K 96 i B A T) 28 Tl s 69 2 Dl i B2, 1HAR
I8 2B 2B ol 55 T AR A DG AN M BE )9 i JBE , 1) 22 JU R (8151 69 7 365K H R il vh a5 21
BRI R L. BBE REAS & M [] 11 S A48 3 A I 2R 3% a YR EE, LV 1 S A PRl 2 YST R
P, (H i T PO IR E B AT B, BRI SRSk BE AN, 20K 0 0 8 | H S R R 8 ) Oy A
R, PR RS R R2ZZ 1 — D E B

2.43 ZHFOUNE A KK X RN E P (AFA)  AFA P TSR 2K a YR 2 B0 vl v 3 3l Bl v , L 55 e
EZ A JE M2 5, S bR (BBE % Z (A7 AEAR A B SCHE K3 BE R R0 T YSI i1 BBE 3% ; Il &
R BE R A I, 0 S v AT R BV 22 55 RS 200 T YST VAR BBE 3k ERH ISR T YSI 5. AFA 3%
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BEME RIS TR I 5 R STl K R i AR T 1 2 ' B A5 8, I i JR B B T A 8 R RRAE SO G 11 V7 e AR
YAy I T v BRI AR RE WA e (R LA AN T 1 22 57, MR R 4% (5 26 1 B A W e R 16 %2 55
B, FARESAT IR AN E S R BT R = 49t RN B = 4Dt e KRR AR B8 T 7R i
YRR AR B K5 SR M SERN RIS B DS AN ER R a VR IA—4b , A48 “ FR v B 1
SHESOIE” TE MO BR T LA TR R D BR o B HL 4RO G R OB T R BB, )
TS ENVF AR O R R a MR IE. AFA YL LI 2R B LED FEFIVE R R GIR, DL 2 ik Bruk o't i d14E R
BN 0 BB ARG 5 NI 2RIR A 1 €0 BRI DG s R FIUR S ik B, 1R 4 412,435 455,
470,507,535 567,624,635 1 665 nm 2 10 44 % i Bt ,620 654,670 683,692 1 725 nm %5 6 4~ % 59k Bt ,
RATCAE BAS B R (UVE) X =428 6635 1T R 45 , S5 AR FE b sl /N JE AR AiF DX 3 A RRAIE X381 L
B, 2 AR T2 R I 26 22 705 B i i 36 MNME R TOEIGIE FIRRIE &, A1 2] B i =4k v¢
HiE” . AFA SR B B & S BEER R R 2 BBE % R P8 805 B3¢ BBE WA £ 5, A I bR T
REITEESA ORANFBRIM R a 96 R TRCR I E K225, Xl SR o 80 e, KR
1 TSRS EIEIM K AR G 3 a MR 1 ] .

2.4.4 o AR XY E OO E 6 E F IHAESEIIZINE SO AR ER a W Y B R S8 L T IR A
PTG a WERDOEGIEFYE. AKARAG RS b BE X IG A 2 4R 2 a (DR B 7R 5 W & A, B &
VR B AR B 7 SRR R B 44 5 B 5 /K ML B 8 v, BB, | 98 ik B ey 2L ) i vk
BERE AR, RS H Z R T AR SR, YST 2T K P AR T 4 3 a (I it , HAE AR 3 I o e
WA IE A58 BBE Al AFA B TR, PRI T R 6 58 6 . P55 FR1 38 X 1 42 s 2 300 e SN {1 140 5% T B,
BEIE ] BEIR s B — 20T 5% . AR PR AL R 5 & R SIPE X 85 SR A —E W R2 . 5340 AnifE
I AV A Ot e A I 8 A A6 110 184 T S 3 A o 9 0 A1, A 2 5 2 B3 DU S0 1R
A i 3 i e 1 i PR 2 —.

3 &it

KPR 2 a de BN 30 22 B < 6T B I = 1A RSO 1k 1 7K AR R 28 S D S ( AFA) U
FEMIAMERER a (PEREIR T YSI Z 280K Bk ISR BBE B8 3035 40 BT, 540t B TR F M2 7,
5453600 B R BBE 3G ST (B B R AH DG , B = 4 VR AR DO ik I A PRI AR ) 4R K a
R T 532 b ) A SR RTORG 285 O T 0k, A S A M T AR A i A A A 15 R K A B e T
S R
ot I 5 R B ) P s KB S 36 A T AR T RS B PO sE VB T B SN R IR, 48 B0
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