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SUMMARY

DETERMINATION OF CHLOROPHYLL A BY HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY METHOD

A simple High-Performance Liquid Chromatographic (HPLC) method was developed and validated for
the determination of Chlorophyll a in phytoplankton and water. The separation was carried out by a
Nova-Pak C18 column (150 mm x 3.9 mm; 4 um) with mobile phase consisted of acetone: metanol
(70:30 v/v). The flow rate was 0.6 mL/min and DAD detection at 430 nm. The retention time of
Chlorophyll a was found at 4.8 min. The calibration curves were linear with the regression coefficient
(R?) of 0.9999 within the range from 0.005 to 5ppm. The detection and quantification limit were 0.002
and 0.005 ppm, respectively. This method was used to found sensitive, specific, and capable of
estimation of Chlorophyll a in phytoplanktons and water. This method has been applied successfully,
sensitively and specifically in the determination of Chlorophyll a in phytoplankton and water.
Keywords: Chlorophyll a, Chlorophyll a extraction, High-Performance Liquid Chromatography method.

1. MO PAU

Chlorophyll-a (Chl-a) 1a sic té quang hop
chinh cua thuc vat phu du, di dugc st dung
rong rii dé woc tinh sinh khéi va ham luong
thuc vat phu du, tr d6 danh gia dugc mic do
phong ph cta thuc vat phu du trong nuéc [1].
Thyc vat phu du dong mot vai trd quan trong
trong hé sinh thai dudi nudc, ching cung cap
céc hop chét hitu co cho céc sinh vat song dudi
nudce dé duy tri ludi thire dn va duy tri cac chirc
nang sinh thai thiét yéu. Mat khéac, thyc vat
pht du c6 thé lién quan dén cac tac dong bat
lgi nhu hién tuong tao nd hoa lam anh huong
dén hé sinh théi song, ho, bién, ...[2]. Do do,
viéc xac dinh ham lugng Chl-a c6 vai tro rat
quan trong trong qua trinh theo doéi sy phat
trién cua thyc vat phd du theo thoi gian va hd
trg cho viéc danh gid tic dong 6 nhiém moi
trudng nudc [3].
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Mot sé phuong phép duoc cong bé vé bao
quan mau, quy trinh chiét, dung méi thich hop
dé sir dung cho viéc dinh luong Chl-a nhu
ding acetone 90% [3], metanol, acetone,
etanol, dietyl ether [4], hoic bang aceton,
metanol trong diéu kién lanh va téi [5]. Céc
phuong phép da dugc dung dé xac dinh Chl-a
nhu phuong phap quang phd UV-VIS [6], [7],
phuong phap quang phd huynh quang [8],
phuong phap sic ky l6p mong (TLC) [9],
phuong phap sic ky I6p mong hiéu ning cao
(HPTLC) [10], phuong phép séc ky long- khéi
ph6 (LC-MS) [11].... Tuy nhién, c6 mot sb
nha nghién ctru da chi ra rang phuong phép
quang phé UV-VIS va quang phd huynh quang
c6 d6 nhay kém, thoi gian phén tich 1au. Qua
cac nghién cau trén cho thiy wu diém cua
HPLC la c6 d6 nhay cao, kha niang dinh luong
t6t, sir dung it hoa chat do d6 1am giam chi phi



cho phan tich. Mac khac, ¢ Viét Nam chua cé
cbng trinh nghién ctu nao xac dinh Chl-a trong
c4c mau nudc bién va nudc ngot. Vi vay trong
nghién ctru nay, phuong phap sac ky long hiéu
ning cao sir dung detector UV dugc phét trién
dé xac dinh Chl-a trong nuéc mat, nude bién
ven bo. Muc tiéu chinh caa nghién ciru nay la
phét trién mot phuong phap phén tich c6 do
nhay cao, khoang tuyén tinh rong, tién hanh
nhanh va don gian.

2. THUC NGHIEM

2.1. Héa chit va thiét bi

Hoa chat

Céc loai hoa chat sir dung trong nghién ciru
géom dung mdi metanol (MeOH), axeton,
etanol loai tinh khiét dung cho sic ky cua hang
JT. Baker, USA. Etyl axetat (CH3COOC;Hs)
loai tinh khiét dung cho sic ky cua hing Merck
(Darmstadt, Btrc).

Chit chuan Chl- a (CssH72MgN4Os) thudc hang
TRC, Canada. Chuan géc Chl-a (1,00 mg/mL)
dugc chuan bi trong aceton va dugc luu giir ¢
am 20 °C.

Thiét bi

Hé thdng sic ky HPLC (Shimadzu) bao gom:
bo diéu khién (SCL-10A SP); bom cao ap (LC-
10A SP); bo phan tiém mau (SIL-10AF),
detecter DAD (SPD-M20A); b phan khur khi
(DGU-14A); bo gia nhiét (HIC-10A) va cot sic
ki pha dao Nova-Pak C18 (150 mm x 3,9 mm;
4 um).

Mot sé thiét bi khac dugc dung trong nghién
ctru nhuy may do quang phd UV-Vis (Lambda
35 — Perkin Elmer), may li tdm (Centrifuge
Combi 514R — Korea, Centurion Scientific
K2015 — UK).

2.2. Pbi twong nghién ciru

Nghién ciru duoc thuc hién trén mau nuéc bién
ven bo ¢ khu vuc Nghi Son — Thanh Hoéa (
NBVB) va miu nuéc mat ldy tai hd Tay — Ha
Noi (NM).

2.3. Quy trinh phan tich

2.3.1. Xay dung phwong phdap dinh lwong
Chl-a trén HPLC

Cac diéu kién sic ky duoc khao sat bao gom:
cac hé dung mdi metanol/acetone/ etyl axetat,
acetone/ etyl axetat, metanol/ etyl axetat,
acetone/metanol, vé6i cac ty l€ khac nhau
(60/40, 50/50, 40/60, 30/70, 20/80, 10/90 (v/v))
va cé4c téc do dong khéac nhau (0,4; 0,6; 0,8;
1,0; 1,2 ml/phat) trén may HPLC. Sau khi téi
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uu hoa dugce quy trinh phan tich Chl-a trén hé
thong HPLC, tién hanh xac dinh tinh twong
thich hé thng, khoang tuyén tinh, d6 chinh
xéc, do dang (ty 1& thu hdi), gisi han phat hign
(LOD) va gi6i han dinh lwong (LOQ) cua
phuong phap

2.3.2. Quy trinh xir Iy méu

Mau sau khi liy s& dugc loc ngay tai hién
truong bang gidy loc GE/F duong kinh 25mm,
kich thuéc 16 0,45um. Lugng nuée duoc loc
trong khoang tir 0,1 — 2,0 lit trong diéu kién ap
sut loc khong vuot qué 0,5atm. Lam kho gidy
loc trong chan khdng, khi vira kho thi ldy khoi
gia d& va duoc bao quan trong diéu kién téi va
lanh. Sau d6 dem vé va chuyén gidy loc vao
binh chiét thay tinh, b sung 10 ml dung moi
(metanol, acetone, etanol) véi cac nong do
dung moi xac dinh (70-100%). Binh thay tinh
dugc boc kin va dugc giir trong diéu kién toi o
nhiét do 4 °C va thoi gian thich hop (1 — 24
gio) véi ting thi nghiém. Sau d6, mau duoc ly
tam 4000 rpm trong 10 phat. Dich néi duoc thu
hdi dem loc qua mang 0,45 pm, sau d6 pha
lodng bang pha dong va phan tich trén HPLC.
3. KET QUA VA THAO LUAN

3.1. Phan tich Chl-a bang HPLC

3.1.1. Két qud khdo sdt cdc diéu kién séic ky

a. Budc song hdp thu cuc dai cua Chl a

Phé hép thu cuc dai cua Chl-a dugc thé hién &
hinh 1. Két qua cho thay Chl-a c6 2 dinh hip
thu cuc dai ¢ 430 va 663 nm. Tuy nhién, &
budc séng 430 nm cho do hip thu quang cao
hon. Pé c6 d6 nhay phan tich tét nhat, budc
séng hap thy ¢ 430 nm duoc chon cho cac
nghién cuu tiép theo.
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Pha dong khong chi anh huéng dén kha ning
tach, thoi gian lvu ma con xac dinh dang ton



tai cuia chat phan tich. Trong nghién ctu nay sir
dung dung dich Chl-a 0,5ppm dé khao sét céc
hé pha dong khéac nhau gom: acetone/ etyl
axetat, meoh/ etyl axetat, metanol/acetone/ etyl
axetat, acetone/metanol ¢ cung mot diéu kién
sac ky. Két qua sic ky do cua cac hé pha dong
khac nhau dugc trinh bay trong hinh 2. Két qua
chi ra rang hé pha dong gébm aceton va metanol
cho pic can ddi (hé s6 bat ddi 1a Agys ~ 1) va
thoi gian luu phu hop. Do do, pha dong gom
metanol va acetone dugc chon dé phuc vu cho
cac nghién cau sau. Ti 1& thanh phan giita
metanol va acetone c6 thé anh huong dang ké
dén do hoa tan cua chat phan tich. Két qua
thay dbi ty 1¢ thanh phan pha dong duoc trinh
bay & hinh 3 cho thdy, chiéu cao pic dat cuc
dai vai ti 1é metanol/aceton la 30/70. Do do,
pha dong metanol/aceton (30/70) duoc sur dung
cho céac thi nghiém tiép theo.

c. Téc d@p dong

Tbc d6 dong cua pha dong dugc khao sat véi
cac muc la 0,4; 0,6; 0,8; 1,0 va 1,2 ml/phit vai
thoi gian luu twong ung lan luot 1a 7,20; 4,81;
3,42; 2,72; 2,32 phat. Két qua cho thy, khi toc
d6 dong tiang, thoi gian luu va chiéu cao pic
giam. Thoi gian luu ngén trong trudong hop
mau c6 nén phic tap d& bi anh huong boi tap
chat, thoi gian duy tri 1au s& lam tén nhiéu pha
dong va thoi gian phan tich. Vi vay, téc do
dong dugc chon trong nghién ciu nay la 0,6
ml/phat.
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3.1.2. Panh gia phwong phap xdc dinh Chl a
a. bo ddc hiéu

Tién hanh phan tich mau trang (pha dong) va
mau c6 chira 0,5 ppm Chl-a theo diéu kién sic
ky di Iya chon (bang 1). Cac sic d6 duogc thé
hién & hinh 4 cho thdy, tin hiéu pic cua miu
chia Chl-a xuit hién tai thoi gian luu Ia
tr=4,81 phut. Trong khi d6 trén sic d6 mau
blank, khong thay xuat hién tin higu pic tai thoi
gian luu nay. Didu ndy chung to, phuong phap

@

cd tinh chon loc phu hop cho phéan tich Chl-a.
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Hinh 2. Sdc ki d6 ciia Chl-a véi cac hé pha
dong khac nhau
(a) Acetone/ Etyl axetat=7/3; 2]
(b) Metanol/ Etyl axetat =8/2; )
(c) Metanol/ Acetone/ Etyl axetat = 6/3/1;
(d) Metanol/Acetone = 3/7

e —

Hinh 4. Sdc ky d6 cia mau trang (a) va mau co
chiza chlorophyll a (b).
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b. Tinh thich hop ciia hé thong sdc ky
Dé danh gia tinh thich hop cua hé thong sac ky,
tién hanh pha 01 mau ddi chiéu c6 nong do
0,5ppm, sau d6 do 1ap lai 5 lan voi didu kién da
lya chon (bang 1) va cho két qua & bang 2. Po
léch chuan tuong di cia thoi gian va chiéu cao
pic lan luot 14 0,19 va 1,33% (déu <2%). Két qua
cho thay cac diéu kién sic ky da Iwa chon trén hé
théng HPLC sir dung la phu hop va dam bao su
on dinh cua phép phan tich dinh lugng Chl-a.
C. Gidi han phat hign (LOD) va gioi han dinh luong
(LOQ), khodng tuyén tinh ciia phwong phdp
MGi tuong quan giira ndng do Chl-a (x, ug/l)
va chiéu cao pic (y, mAU) duoc xac dinh trong
khoang tuyén tinh tir Sppb-5ppm, véi phuong
trinh duong tuyén tinh thu duoc 1a y= (19,6368
+ 0,02856)x+ (194,6485 + 51,5541), hé sb
twong quan R? = 0,9999. LOD va LOQ cua
phuong phap tuong ung la 0,001va 0,005ppm
véi ti 16 S/N (tin hiéu chat phan tich/ tin hiéu
dudng nén) twong tng lan luot 1a 3 va 10.
d. D6 chinh xac
Két qua phan tich 5 lan tai cac nong d6 0,015;
0,5 va 3 ppm trong clng ngay va trong cac
ngay khac nhau (bang 3) cua cic phép phan
tich cho d6 lap lai tét twong Gng voi RSDr
(1,10 -3,58%) va RSD; (1,33 -4,11%), do thu
hdi cua phép phan tich dat tir 97,33 - 102,06 %.
Nhu vay phuong phap phéan tich c6 d6 chinh
xac cao theo qui dinh cia AOAC [12].

Bang 2. Két qua khdo sét tinh thich hop cia

hé thong sdc ky

Ldn Lan Lan Lan Lan Trung RSD
1 2 3 4 5 pnh (%)
tr 482 482 481 482 480 481 0,19
H 11711 11900 11883 11539 11637 11734 1,33

Bang 3. Két qua dé chinh xac cia chat chuan

Chl-a (n=5)

Non . .

d@ch%t KELQUd  pobe  RSD, Do thu héi
chuan  Prantch oot e @)

(mg/l) (mg/l)

0,015 0015:0001 358 411 97,33

05 0495:0008 121 156 99,02

3 306240041 1,10 133 102,06

3.2. Khio sat diéu dién chiét mau

3.2.1. Khdo sdt dung méi chiét

Chl-a c6 kha nang tan tét trong cac dung
moi hiru co nhu etanol, metanol, acetone,
hdn hgp metanol/nuéc hoic etanol/nuéc.
Chinh vi vay, céc loai dung mdi chiét Chl-a
trinh bay trong bang 4 dwoc khao sat nhim
tim dugc dung mdi chiét thich hop cho cac
mau khac nhau (nudc mit, nuéc bién ven
bd). Két qua cho thdy nong do Chl-a thay
doi theo loai dung méi va nong do6 dung
moi sir dung dé chiét mau. Khi giam nong
d6 dung mdi metanol thi ndng d6 Chl-a thu
duoc giam dan va dat gia tri cao nhit ¢
metanol 100 % & tit ca cac mau. Ddi voi
dung moi acetone va etanol cho gia tri cuc
dai tai ndng do 80 va 90%. Etanol 90% la
dung méi cho ham lugng Chl-a thu nhéan
dugc cao nhat ddi véi tat ca cac mau. Vi
vay trong nghién ciru dung mdi etanol 90%
duoc st dung dé chiét mau.

Bdng 4. Anh huong cua dung moi Va nong dg dung méi lén luong Chlorophyll a
thu nhdn sau khi tach chiét

Nong do Chl-a (ug/l) (n=5)

Nong d6 dung moi (%)

Dung moi NM NBVB
Etanol 100 49,64+1,69 5,05+0,37
90 57,89+1,98 5,1740,35
80 53,96+1,84 4,95+0,36
70 50,48+1,72 4,07+0,3
Metanol 100 50,21+1,71 4,70+0,34
90 49,44+1,69 4,60£0,34
80 47,76+1,63 4,57+0,33
70 43,22+1,47 4,5040,33
Acetone 100 39,96+1,36 4,2040,31
90 41,27+1,41 4,26+0,31
80 42,36+1,45 4,32+0,32
70 32,56+1,11 4,16%0,30
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3.2.2. Khdo sdt thoi gian chiét

Thay d6i thoi gian chiét tir 1 dén 24 gio, két
qué thu duoc trinh bay ¢ bang 5 cho thay c6 su
khéc biét vé luong Chl-a & céc thoi gian chiét
Chl-a khac nhau trong dung méi; tuy nhién, su
khac biét 1a khdng qua lon. Két qua thyc
nghiém cho thay, véi thoi gian chiét 6 gio, ham
lwong Chl-a trong dung dich l1a cao nhat trong
tat va cac mau. Vi vay lya chon thoi gian chiét

mau 12 6 gio dé lam diéu kién chiét mau tdi wu.
3.3. Phan tich ham hrgng Chl-a trong miu
Két qua phan tich Iap 5 1An mau va mau thém
chuan cua cac mau nudc mait, nude bién ven
bd dwoc thé hién trong bang 5. Két qua cho
thdy, cAc miu phan tich déu co d¢ lap lai tot
véi RSD < 6,77 %, do thu hoi cao H ~ 97,33+
99,02%.

Bang 5. Anh hurong cua thoi gian chiét Ién lirong Chlorophyll a thu nhan sau khi tach chiét (n=5)

Thoi gian (gio)

Nong d6 Chl-a (ug/l)

NM NBVB
46,31+1,78 4,29+0,34
55,57+1,81 4,98+0,34
57,89+1,98 5,17+0,35

12 57,83+1,96 5,16+0,35
18 57,31+1,94 5,12+0,35
24 57,31+1,94 5,12+0,35
Bang 6. Két qua phan tich Chl-a trong mau mét va nuwéc bién ven bo (n=5)
Loai mau Nong do Chla (ug/l) RSD (%) Do thu hoi (%)
NM 57,89+1,98 2,59 97,33
NBVB 5,17£0,35 6,77 99,02

4. KET LUAN

Di xay dung duoc quy trinh chiét Chl a bang
dung dich Etanol 90% trong 6 gio & diéu kién
lanh 4 oC va trong béng téi. Quy trinh dinh
luong Chl a trong dich chiét duoc thuc hién
bing HPLC trén cot CI18, pha dong
metanol/acetone (30/70), téc do dong 0,6
ml/phdt, thé tich tiém 20pul, Amax= 430 nm.
Phuong phap phan tich cho tinh tuong thich hé
théng cao (RSD < 2%) va duoc danh gia thim
dinh tét, tinh dac hiéu, khoang tuyén tinh rong
(5ppb — 5 ppm), d§ chinh xac va d¢ dung dat
yéu ciu véi LOD va LOQ cua phuong phap
lan lwot 1a 0,002 va 0,005 ppm. Phuong phap
phan tich dé xuat da dwoc 4p dung xac dinh
ham luong Chl-a cho mot s6 mau nuéc mat,
nuéce bién ven bd cho do chinh xéac cao (RSD <
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6,77 %, H = 97,33+ 99,02%).
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