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Abstract

Chlorophyll a is an important indicator to evaluate the eutrophication of water bodies, and the
undergraduate teaching experiment of “acetone-spectrophotometric determination of chlorophyll
a content in water” has been introduced in the environmental majors of many universities. Ace-
tone has strong volatility and toxicity, and has a special odor, which may cause harm to the expe-
rimenters and increase the cost and risk of the experiment. In order to advocate green chemistry,
this paper discusses the existing domestic and international determination methods, and experi-
mentally investigates the feasibility of the ethanol method instead of acetone method, and opti-
mizes the experimental parameters. The experimental results showed that the extraction time of
both ethanol and acetone had a significant effect on the determination results, and the acidifica-
tion time had no significant effect on the determination results of the ethanol-spectrophotometric
method; the results of the ethanol-spectrophotometric method were closest to those of the ace-
tone method when the extraction time was 15 h and the acidification time was 5 min. The ethanol
method is feasible to replace the acetone method as a teaching method for the undergraduate
teaching experiment “Determination of chlorophyll a content in water”. This paper provides an
optimized experimental scheme for emission reduction that can be used for undergraduate expe-
rimental teaching in universities, and can also be used for training and teaching of chlorophyll a
determination skills in other research institutes, industrial and mining enterprises, and environ-
mental protection departments.
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1. 5|8

42 a (chlorophyll a)fE A& R RRIH P —K, f21E T A NI ED T . RS T
TR & Ty BAIRE 1K, RIE NP KA B B RN EE S —, @i lE 2%
a SraE, T LURASE KR e 2R R PR IR S 0 o A AN, AN aE— 25 T A X R AR BRI % A AR
ZEER[1]. KU a 1000 78 PR 5 W00 DA R K 5 A b e 2 25 B2 1) S F

HAr, N2 R a s TR ISR T L E AR BT 5 T K43 a S =il
B X —RIGIH . fE R IR AR URAE T, B DMREUTSRER a (AR IR . SR AR VA VR
BWMGERNE. HEEAE —E SR A REE S BUAREAT SR SL IR 20, R XAt 2% 1A
BTSSR, BN 54 R BRI = N, P AR 48 R N B 22 A1t BRI TE W . b4t 4546 TR ) 5
KRR T EKIEY), RREEZMRE] FKEN, SEWERRBATRY, HHRALE 6 R BB R
M d G — b EE, R bR 75 sCTCHESE N T & S A B SR IR I H AR B YS S KR L U AR g R
MAEFFRRA . DI RFEHEE TR AE, 2 5i1%92% 00 H 5 4E NECY 100 N/A4E, sEigH R o g
3 NI 33 40, NMIAFZH S0 7 EIEFE B Z) 100 mL, — R BEFR T EIEFEAEIZ) 3300 mL, FAESA A
il ) S B8 RV 2 40 kg, 15 MEAEA T fE PR AL 2R ) 30 Juit 5, W —4F 75 B30 AF 1200 T84 45 A TR R W Ak
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A, BN TSRS TR R AR . PRI, SHRZSEIRITH BN R AR SRR TR A
Iy EERPLSEE L.

2. ERSMKPHEE a MES ZHARER
2.1. ERSMRBHIMFER a BFRHENE £

ERER a & B AN E T35 T ZAE LUR J LR A TFRAT MG SR rR AT B, 26 1. 38 2 20l 70 LR R
1T PR SR AT 1 2 ZE AR AE DN 52 773

Table 1. Analysis and comparison of the main methods for the determination of chlorophyll a in China

= 1. EAMESRE a MEBNESE DR

WEEE IR KA K I 7>

I IS N | bk KRR R
(FEZRR) (4] CGEIRR) [5]
IERRHES HI897-2017  GB 17378-2007 S S SL88-2012 S

R 90% A i 90% P i 90% P i 90% P4 i 90% V5 i 90% . lE
— I A 4 I AT 4 e s A o IR Y e A 4 I A 4
JEE AL TR JEE JEE JEEE YEHE

b B BRI BRI HE BRI HE BRI S B vRRh W BRI

" HRE HRE JRE HRE JRE JRE

I8 7 i 3N IR

Table 2. Analysis and comparison of the main foreign methods for the determination of chlorophyll a

2. ESMNTERE a WEBNEFES LR

FREsRIE  EEME SSRGS EJEEZN ] HA BEE bR E 2
JIS BS ISO
RN ASTMD3731-87 Method Method Method
TriEkRE S K0400-80-10- 10260-1992
(2012) [8] 445.0[9]  446.0[10] 447.0[11] 2000 [12] [13]
VRN jyp— o jyp— jyp— 75°C 75°C
FEEGRFA 90% A i 90% A i 90% A i 90% A i 900% 7. 00% 7, i
i % T T Y e
7% AIF BRI B i
v ST e L

WA

2.2. HHEE a MEMFHOMRHR

RTINE KSR R a SR AUNE R EA VOLIE . SR i (HPLC)E AN 73 et Bk =Ff . o,
SOERIE IS5 R 5 2 2K b & T8, H R WRe B B R OB GE T s, ARAE A [ 14] 5% AW T4
KRR 30 0Bl 5 s FIPOGIENE 203K a S B4 R MBI R AL, 01 /N RH2RR a &
BT 40% 54, PRI SOEIEZ T St b2 1 A2 b RS SR it I 52 FeRa[15)F FE 3 W] HPLC
200 5E 2 R AR (AR B & B B HERAE R, D P IREHL, X SLie N\ S BRE s, HIES R 5000
JREEMSE RZERA K WA HTTTF R 3 fiR.
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Table 3. Comparison of the advantages and disadvantages of the instruments required for common methods of determining
chlorophyll a in water

3. KR E a BRNES EZFRR MRS

Wk Sk PR it T
e b S R ISR

B i £ LR e 2 R R . B 54T

SILE 5 TR \ ] o ‘

ghe ol iz;gg%;m B g, b ma B s R A HPLC 3

MBSOk 132 3 WS, BT R B RE KOO R i as e 5 5, RAERR, Wi 2R
1%, IFAEM TARSEIRHCEAIAEE, M6 AR 5 EINE R 5 84, LRt B, RllReR
Bewm, AR . Bk, ARSI A B IE D O EE AT I Oy A B
23. SFRKREZENEMFER 2 HLERRIHR

HET, WEMEER a SRR Z KR B EIR BUNES BRI IRBGE . RIEHHE S HGE.
T P U BRI B S B R RIS . % 4 K IR 3R a AR VRN EE .

Table 4. Comparison of the advantages and disadvantages of common extraction methods of chlorophyll a in water

= 4. KRR E o BRI AR S IIEE

REUTE | HERRAE TR R 5 AL
s iggiﬁ B R 501 SRR T S
‘ . S

SN K WS 6 4y RS ) fr .

B R Py 5] ﬁﬁg%gﬂf%%%x

GEER 4 N, RIGUHEBREBUERIERME AT AT, HIRERCRRm, & BAE @R S iy J /N st
B ISR 3 a FEEC VS, BRI RT DI AR VR T BS SR EGZ AT A S SR IR A T I R AR ER a FOFRER.

B 7 bR E T BT, ATEREBUK 4R a IR EUAFIE A S8, HEE & — WL T H(DMSO)
%=,
B — AN R S ) SR BRG0P R 7 4 L VR 5 1
TXRE AT DAIA 21 L s A FR B 7 O G O SR DO R, o 51 G 7 T o) e S S L SRR AR L, 90%
F L R B8 0 P T B P ARG 5 SR AN G 90% PR V85 7 B8 TR Y I Ve Y B D PR R &5 SR sk L ot

f, PRICAE AR RS 5 AN eI A 16].

FAESRBGAF AE A — HAEIN, & R BUSCR S EARZETC L, AH 2 BT AR B St &,
FEMRE/NT 18.5CHE R S 45 &, A ARR[17]. NN-H I HEEZ(DMF), fefbiM4t% a B E K
RS E P, BEXIHERER a & BEUR /KA PRI SR BT, {22 DMF 7E 518 2 Fpislin| 3L A7 iy 48 B A 1%
TEMIFERE, ARRNH) A K, PRI AN IE FH T 5250 350

AR O Z AR & B R IRIGAR], LZH DRI IR AOKFERIT 443 a &, NG
FAF SRR KRR BRI o BRI 25 K[ 18155 AW 78, ToaK L IE-90% A Bl VR £ i v AE LBl Ry 1:2 I R $2 B3
BARf, ToK LB IR BGR A RBOR IR Z o BEAh, A HR — 5 LR & B HLVAFRIR S
DMSO-A . 28 - NEHE .
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Table 5. Comparison of reagents for the extraction of chlorophyll a in water

5. KPR E a BREUR TR ELER

S PR LB iz LR N,N- = H 3 A

ARG SRBCICRE. AP ARER a S ERIK
REFIEIRI 4, SWEIH  BRE RS I RCR

P i T = NN

A RICR AT e e el g
- L R TR S
JE YL H ! o . R ‘
g L R i eposome (SSRGS gt
i RESWERG wocREE TUL L 00T REERRAERR
X &

HI B3O R 5 wfg, HoK LR DL b FUR R B o e e e RIS R kR . LR S REAUE
Wi B T2 3R a IS TTVERI#:, DU IA Bl iR 26 A, 7 ZEASOPE AR I SR AR 0F T

HAT, stfuafe 2 ANEFE O RO RN E 272 —, KON E NE SR ERIER
AL s IR N R, #EIX 224, ARSI TR, AL AR, 9. &l
PERERE S (19]. Rk, SR AR R B RN R BT i, RACEE A R A TR AT 4
= a FRINENEITRRAE, MOZHREZR RO SHN, B85 IR T
ESIbIE i

3. WG E
3.1. SEIEAE

FESS S N TIRPA/INEREE, B B 105 /D ERE /KR P AR TR 21 “ PR AE I - 206 EVE”
R E A, A SRR

3.2. BWHERISR

MR KR, ARSI S N 7 R B AT T B HEAT BRI, AR5 73 YOt BEVE AT I & . BAR T in
B

3.2.1. ZF% - A EE

1) W5E DB

a) 1

P TS I8 1 78 BOM BRI B, BURVRR S5 BO7KARE 500 mL, i 35 17 3 8 £ 24 D b fy b e B kAT 3 0k
FIEET £ S A KT 50 kPao HlE5E/G, REHTIEME I FH A I8 pE AR UE LU AT RERR £ UE4R K 4.

b) FEHL

PSRRI S . 45 JE R S I 90% ZLEE IV 7~8 mL, HWFEE 3~5 min BLZEAF NI
KL KN 10 mL (18O R IRt NSO, SRR/ T 10 mL. 3% 0%, WIEET
PRI AR AT RRE,  $REUET (A2 B BN 6 15 F1 24 he

c) HL

B (B OB BN BLDHLE, H5E 1000 rpm, B0 10 min. B0 JE AR _FE G R IRBURK
NERRE T, K5 AE X ER I I8 LIRS 2203 a MARHGR, KIRBURER 2 10 mL.

d) JixE

¥ 90% LA AE NS IR e BT E 20T, A5 DI i 25 5 (3R BGRAE 665 nm Al 750 nm Ak
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PIIEEE, FHERANBOLEERIZ, 8N A SASRECEILTIIA 17 1 mol/L M)EEERER I, FRILES [A]
SPAEA 5y 64 7+ 8+ 9+ 10 min, FRRMIEBRAJE FIHEHURAE 665 nm Al 750 nm AL HIWOGEE, JF HATER
oSG BT ASROE BE I 2290 Ay 25 FARE SRR 5 AH R0 3R AT

2) HHEA[20]

PEHUR S 2 a IR

27.9% (4 = 4) Vi

Chla = % (1)
Hrf Chla A/KFEEF I 42 a IR (ng/L)s A1 A V s NEEBUR B & 58 BARFU(mL); VAR /KRR H 44

BUL).

3.2.2. Al - 9B E

VAT — 43 Y66 B v 5 M43 2R a & B A 58 A5 A 50 S5 B8 T 5 IR 5 (R 7 = A (A 7 922K
JRM 2R E a BIIE Y66V (HT 897-2017) [2].

1) WlE 2R

FRAE TR SZ96: 52 ORRE T, BURRE 5 107K 500 mL, 32 FH S Rb ot ot i 2% 5 300 308 27 o i it 14 47
Vo HhUEJE AR I — T ) ORI AT, FTURARIR T K o KRR AR B E R T, DB 2 o
BRI 78 70 B B8 0080 DA b o BB S AR VR R R RO E R E R R 10 2, SR E B IRIRIR B EREL,
PEHUET (] 73 7% B 6 hy 15h. 24 h,

RS R 2 B0 10 min, F£3E 1000 r/min. 5505 B A ET 20 AL b i S B HR B0 .
B FRIBUA AN E A Z R RIS L G, FFH R 2 06T E ) IE S BURAEAS [F K
WEFIWOERE, FEITEARIN SR a HENEE.

e BRI E R, IR R DGR, FTEE R F B W A — R A g ab i e
ASHHPERS, UET AR 10 A AR 0.2 mL h R B B MR RE 5 B — R s R R EEALE 750 nm.
664 nm. 647 nm Fl 630 nm PAKEI E BT, FEERIZ, 78 750 nm &I E FIR 6B R /N T 0.005,
3 00 75 P RO A O A IR PR, X R IATROGEE R T 0.05 B BHER IG5 9R & H B 2 T
VEYD, PR EE R IE21],

2) WHEAR

PEEUR 4 2 a IR EE T A R

Py =11.85x (A, — Aysy ) —1.54x (Agyy — Ars0 ) —0.08% ( Ay — Assy) 2

A p FRBGKE 43R a BT RIREE (mg/L)s A, AFRBURAER KN n B O BEAH
IKFERI 2% 3R a FURIR B THSL A 300 F

_ P XN
Chla = ST (3)
AA1: Chla Jy/KEERIHE 2 a R BRI (ng/L): V) NRBORIN E BAEF(mL) s V N TBUKEE IR AR (L)

[22].
i UL b SEIG D AN AT 2 SR 465085 B Graph Pad Prism 8.0 #0317 £ Ab 2 5 I 4l o

3.2.3. SLIGHRAIES X
SEBGH 4 FH IBM SPSS Statistics 22 FAF (T AL#E, Graph Pad Prism8.0 #3547 B TR 22 il .
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4. SLEWHERSH
4.1. 8% - SHAEEZMEKPHFEE a (USSR ER 4T
4.1.1. ZEFHRE 6 h TERILETBIXMHE R a WELER SR

110—
= -

. 100 1 =3 = A
S
2 90
=
=
©) 80 —

70 T T T T T T

5 6 7 8 9 10
B AL [R] (min)

Figure 1. Effect of acidification time on chlorophyll a determination
results at 6 h of ethanol extraction

B 1. ZE2REN 6 h TERULETEIRIATE4RER o MEL RV

2o 30 SPSS BT HAE S A A, UBREUT A 6 h B, FRALES RIS 4R 3R a DI 45 A B M
(P = 0.710 > 0.05).

HE T AT, RIS ) 6 h N, FHERE a IRFEAERRALIN ()24 6 min I IR ME, Bl SR IIE 2
N, £ 10 min N H P ME .

4.1.2. ZEFRE 15 h FTER{LET S XHERE a MELR 97

80—
o141 H O 5 = -
]

B0
= 60
=
=
QO 504
40 T T T T T T

5 6 7 8 9 10
AL 7] (min)

Figure 2. Effect of acidification time on chlorophyll a determination
results at 15 h of ethanol extraction

Bl 2. ZEHAREN 15 h TERUASE XM ER 3R a MELE RV

22t SPSS AT HEATHUR A A, USRI (W14 15 i, FRAKI DG 4R 3R a e 45 SR B3
PEFZW(P = 0.976 > 0.05).

HEL 2 AR, SRR ALY 15 h i, H2RE a IRBEEBRAGIT A0 6 miny 7 min B H LS KAE, Bl
RrIME 2 RS, 2 10 min B XIEK
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4.1.3. ZEz1REY 24 h TERULESEIRIRT 4R a MELR T

100
I R
% 60—
=,

é 40—
© 20—
0 T T T T T T
5 6 7 8 9 10
B2 AL B[R] (min)

Figure 3. Effect of acidification time on chlorophyll a determination
results at 24 h of ethanol extraction

3. ZEEHREN 24 h TERUATEITI 4R % a MELERAIF0T

23t SPSS MAFHHTEIE AT, MPEEUR AN 24 h i, BRAGES (RN 43R a I e 45 B H B3
PRSI (P = 1.000 > 0.05).

FHE 3 ATAT, M3RE T 24 h B, P4 a IRFEFERRALET RN 7 min, 8 min B BLR KM, BEE
K S R P, 7255 10 min I 7RO LA KAE .
4.1.4. ING

BRI (B 7E 5~10 min X £ B - 706 H6 BEVE I e 45 5o A B35, R ER AL [ R e i k4 25
a GEsER, MKPEE IR EER A K. Rk, 7Rk 2R A SR a FIRBGAFIN, 7ER
AEBFIEA 10 min LA & #02 nTAT /0, (B 2% FE B (R AR, BRALIS [H)3E 52 24 5 min.

4.2. AR - FAFEEMEKPHER 2 BKWER I
FHPIRR - 53 66 BEELE AN R FRARIN [A) T (£33 a & BERLINGS S0 R I 4 .

120 —
~ 100
—
B
= 80
=
S 60
40 I I T

6 15 24
PR TA] (h)

Figure 4. Comparison of the results of chlorophyll a content detection
by acetone at different extraction times

& 4. AEAEREIREESE TSR a S ERNEERITEE

HIEl 4 M Al g, BIRE 6 hil2 A 24 hik, MHERER a & ST HUE BEE SRR (8] R T RS, &
BRI RIAE 6 /N o AT SR T . AR 2R3 a MRBUSCREGE, JRBUBR S BRI 2 a Tl
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RO IREHE, BILE 6 /NI AT ERESRIC 46 KA 0 3K o BEAE SR U R I AEAC, 4 A 81 Pl o 1 ik 2 3R
a B AT /RIS, WAEAE, SBUE 15 h DL 24 h BM4K a DB B35 FRAR . AKRAT ML bR v SE B
J B SR R R IS TR 24 h AT 4~12 h,  1X— A5 54O sge 45 A2 AV 5 123

LRERTI, FEAEH - 73 OCEEET, SRBUN R U 2R R a IRCR DU I S AR O HEf E A IR OKRY

M DA R 7R CE AN ) PO 30 B 8] B 00 52 (L AP AEROR 2 57, TR 02 2 PO SR U ()0 T 23 et B
HMERR a SR WEEN. EARSLRRITT, YO TN, SR ELE 6 R iz

BOR

4.3. B - AN EENAEE-9 A E LR ELE RS
4.3.1. 2B 6 h N ZEEEMARELEE X EE

120
100
80—
60—
40
20

0 | T
PR VN

Figure 5. Differences in chlorophyll a content de-
termination for different extraction reagents at 6 h of
extraction

B 5. 2B 6 h TARHREURFIAIAHEE a 22N
EER

Chla (ug/L)

HE 5 AT AN, HFREURRCNY 6 h B, 2 AR I &5 5B EL PR R /N 39%.

4.3.2. 2B 15 h FZEEEMAERELE R I

120
100
80—
60—
40
20

0 T T
P .

Figure 6. Differences in chlorophyll a content de-
termination for different extraction reagents at 15 h
of extraction

6. AN 15 h TAREHREUAFIMIM &R a 28N
EER

Chla (pg/L)

1 6 FTkD, HIREUN A DY 15 h I, ZEERRINSS R L AR K 12%.
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4.3.3. 2 24 h TZEEEMAEEER AL

80—
60—
A
2
= 404
=
<=
@) 20—
0 I I
A ZB5

Figure 7. Differences in chlorophyll a content determi-
nation for different extraction reagents at 24 h of extrac-
tion
Bl 7. 28 24 h TAERBIAFIMMHER a SENE
=5

tE 7 w5, SEREUNTE] Y 24 h IS, ZEE ARSI 45 B HE IR K 23%.

NG PEUL R EE AT AT e A3 TR ER AN B E R BGAF RS, s B — e R, [
FJTE] A 15 h B P B AN 45 SR 2, A 12%.
4.3.4. AR 25 A ERERESEH TEIM53% a DEEXEE

Table 6. Comparison of the differences in the measured chlorophyll a content between acetone and ethanol at the optimal
extraction time, respectively

F* 6. AER CEDAERERBIE FTHMHEE  SEVNEEMLESR

FEHET ] (h) PRI Chla #{H(ng/L) ZH B4
6 1L 116.42 + 0.09%
12%
15 (BRALH B 5 min) LR 102.40 + 0.82%

2% 6 AT SN, fEBAE AL 5 5o [H) — 7K A I 5 45 BN 102.40 pg/L, PIERTE I 5E 45 588 116.42
ng/L, LB E 45 /N T AR I 45 50, 22468 12%.

4.4. NG5

PRI DA B 285 SR B T, R4 S 1 LI s &5 SR LU P RV (0l 52 45 SR/ 12%. N T R AT REsD
BEAFIEA, BB R ATRBGH, 31T 4E 3R a I E SLI0BCF B E 2R 2 T AT .

MAAR B 1) L BEE S0 P R R

1) & 90% LB NHEHGRT, R AR BRSO T SR A TRAL R, PARS (IR AT R IR 15
/INE

2) B aB EEBGERS] 10 mL, 7E 665 nm Al 750 nm &2 B0 E HROGREE, HZEMIC N Al

3) AR AL 13 1 mol/L MIERERERL, FRILETIE]2Y 5 min, F437I7E 665 nm F1 750 nm 4k
e FR RS, HEMEIL N A2;

4) MRANAL()IHHFE AR ER a F 5.
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5. &P

IRYEAHE TR, 193 LT 458
1) R AR - 206 BRI E K P 283K a, BRAGI [0 I 52 45 R A B2

2) KM - ORI E K 43K a, SBFHREUN I E 25 R R 2%, 45U [A] 15 h

I, DA SR 3R a fE S T SREUN TE] 6 h A1 24 h I e 45 21

3) KRR - 736G EEFIE K T 23R a, DA RS EURS [R] 0TI E 25 R0 5.2 o SR U TR) 6 h i,

MAFHH 2R ER a (R m T e PRSI, SRR R) 24 b J5E R -2 3R a (E K.

4) ZRAIE I CBE - 76, SREUN a2y 15 h, BRI 5 min, HlE 45 R EE IR - 43

YN 12%.

N TR AT REIA A BRI A, ZBACE WA E BRG], ar 2 e R AL B S, )

8 G, S0 r PR R R0 N A R PR RV R B . AN SUARAL ST 1) LB - 43 606 BE AR S SR 0
AERAEUNZRA 2% 2R a MRE TR IR OB T3 52 rTAT .
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