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Determination of f-naphthol in water by molecular fluorescence
spectrometry

ZHANG Hai-Hong, WANG Guan-Qun, REN Xue-Mei, WANG Wen-Te, TIAN Hong—Yun*

(Shandong Institute of Food and Drug Control, Ji’nan 250101, China)

ABSTRACT: Objective To establish a method for the determination of trace naphthol in surface water, groundwater,
factory water and pipe water by molecular fluorometric. Methods According to the fluorescence characteristics of
[-naphthol at excitation wavelength 328 nm and emission wavelength 364 nm, after dechlorination treatment, the
fluorescence of water was detected directly, and the f-naphthol in water was quantified by external standard method
using molecular fluorescence spectroscopy, and The methodology was investigated and verified. Results The linear
correlation coefficient was 1, the limit of detection was 0.0007 mg/L, and the detection lower limit was 0.003 mg/L. The
recovery of ultra-pure water, surface water, groundwater, factory water and pipe network water at low, medium and high
additive levels of 0.01, 0.25 and 0.45 mg/L was 87.0%-99.1%, and the relative standard deviation was 1.61-5.58%.
Conclusion The proposed method is simple, rapid, accurate, sensitive and specific, which is suitable for the detection
of trace f-naphthol in surface water, groundwater, factory water and pipe network water under a certain concentration
range of inorganic ions, similar organic compounds and surfactants.

KEY WORDS: molecular fluorescence spectroscopy; f-naphthol; method validation; water

N FTYURE, AR G . 29 FR 2GRS S A
15 8 Yt A BOR BEE R L MERERRL . KB A ), AL

RS Hb=S, mPCTRRIN, FEH )y ARG R 5% 4, E-mail: sdsythy@126.com
*Corresponding author: TIAN Hong-Yun, Senior Engineer, Shandong Institute of Food and Drug Control, Ji’nan 250101, China. E-mail:
sdsythy@126.com



3274 B dn 2 4 R R I A 4R

LA e

AT RS HIBAEH, 5 T2 R p-2Em xR | e
Joke . P WR T R Ak TE R A R A AR E T, B RO
il . B X G IR R G AR I T A B D R, 28
AR 7 4 TR LA g A e vk E 2 T A RN Bl i 2 %
F £ 315512 (polycyclic aromatic hydrocarbon, PAHs)¥R3% T
kRS, BT, FE GB 3838-2002 (MK AL
JFRARE ) PERMLE a-Z8W A0 p-Z5 M AU BRAE, Bl 1~V 2§
iK% R B BR A 9 0.002~0.1 mg/L,GB/T 14848-2017 i
KRR AE VORI a- 25 A B-ZE 0 AR AE, HLAE 1~V
FEHh T KA (LR B ) BR 24 0.001~0.01 mg/L.
GB 5749-2006 (A& FIK DA FRME ) Ve 35 & M 2%
(LIZEB )RR 0.002 mg/L, HBH R A“H 1E AR TR K B
SEFEHR KR P RLE, B-ZRE I FRIE R 0.4 mg/L[iZAR
B A 5 4k ' 7 A K K R A o (2002 4F)— 301, GB
31571-2015 {Amfbze Tl is g Hencbnie ) ClbilE 1
K B-ZEB O HERLBR B4 1 mg/L. GB 7916-1987 { fkalk
at DAEARE ) UORELE, 25 AR YT, a- 251 A B i
YR (AF YA BRI KR ATER 0.5%). GB 5749-2006
R T i B 7K R TR R VR IR RE A 4- B BE L HUM R v 2E
WA BB AR R B R G Y, S5RUCKETT.
Ak SRTE 230 °CRATN W4 L, B STE 230 °CLA E AR
FERT ., B-ZEMpil il 285 °C, WAIERE . HIGEHK M
PER W L o RIBUE R R, BH ARk, AL —
H 5k, FLI e 45 R S A I SR, B DR B TR AH
X A b o DRl ST — AR AT L PR AR I Ak
B-ZETR I 3 AT AR L AR Rl R L KA e B e A
b s e il S A T R X

H Al E SN E K p-ZEE AR IE vk R B S M E
g UL g K P S AR B R HY
1073-2019 (/KJF ZEMprmlE sl @itk ) ol T
2020 4 6 A3 SLHt) o AR, [ A AP SCHRHRE /I e 28
(5 1 B WA TS . 9O . BAMLED: . £
A DX AL PR ST SO — T A AT A,
AIAL RS 2% . WO (s R RSO RAG I 2 BB, R
WO, BIEMELE, DR S 0O (R - Ok
g, BRI T — 2 R . RAMEIE R a-ZEE A -
ZE IR SRR EE AL, SAMRICAH T, 2k
LAY AR E DO R, LHE, ZEEMELE
PEOF, a- 28T AN B-Z8M i R OETE 5 R S EIE A T S, p-
LR ICIRE 7 o-ZE /N, (0 B-ZE WX a-ZE B9 ik
BERE M A RS

AR5 25 B R 2 2 S BB G 6 B VA I K PR B
() 2-Z8M, HEN7 T —Fh R 272 6 AN K Hh R
B-ZEE 1, FEXTRBAK . MK . HUTR K. HTTK.
B IR (E AR )SEBRRE SR EA T T, LA R 3K 26K 1
LA WA RN R AR R

2 HNSHE

2.1 UESEHF

F-7000 ¢ 36 4r 6 6 B i (H A& H 3. A #H )
Milli-QF4DA26573 2l /K AL (35 B % B A H]).o

B-ZE Wy by ME &Y (26 F >99.0%, f#[# Dr.Ehrenstofer
/NEIPS

IRACBR IR A (TR P 2li, KBl B Ak 2450 A PR A
), TR LR Tal, 2G5 E bR R A DD

RERMP BARAK ., HFAK, HTFK, B K.
22 LWHE
22.1 iR

B-ZETRFRIERS (1000 mg/L): FREX 0.1 g B-ZEBhhnifE
YT, B 15 mL JoK SRR, FIRADKEZRE 100 mL,
FE5), 4 "CHREGIRTT -

B-ZE W bR EV W (100 mg/L): BB 10 mL g-ZE Wy
1000 mg/L FRUEEE T 100 mL A2, FBAKERE
ZIPE, ¥51, 4 CCREGIRTTE

B-ZE W bn E TR (5 meg/L): BEHL 5 mL p-ZR
100 mg/L ARAEE T 100 mL &M, FBadKERE
ZIB, ¥E51, EOGORAE, IR B .

AR ENIAR (G g/L): I 5 g RAEIR, H
100 mL HAUKEMHERE 1L, BA&H.

222 HmETAE

M4 500 mL KFEH A 100 pL HRACERBRENIA W, 1]
5], #E 30 min, UEFTBEEUALFRAIEER Fe't . A4 E B
TN, M REIRE S . QKRR ARG BRI, AR
BE ST ATHT, AIAE 4 °CZEA VKA P ARAE, FEAAFRL X 30
AU T, )

i 500 mL 4K H A 100 L HACEEBRENIER, 1]
5], #iE 30 min, HATIIEALIL, 1N SRR

] 50 mL HetaqE A dilmA 0, 0.1, 0.5, 1.0, 2.0,
5.0 mL /) B-ZEMbr e AW, ALK EREZIL, %
A9, BEHIME 9 0, 0.01, 0.05, 0.10, 0.20, 0.50 mg/L [
B2 AR MRV, AR AR A I 2 E W
223 W &

A R ARAE IR LI W . 25 IR L REIIARE 5 43 1
A1 em MBI A LG, EBE K 1,=328 nm,
R Aem=364 nm, FARBREETEE 10 nm, &G HREETE
FE S nm &R, MRS ERE . IARHE RSB AN
ARbR, XTI B-ZE TR B SRR AR AR, 2l bRl 2k o R
DA IR F2 25 FARE b DA IS A2 47 o 2 - 25 15 %0 1 11
2.2.4 A dFRagmE

e HI 168-2010  FREE WL 43H7 5 e bn e BT 2
ARG ) POUE, a3 IR ARG H AR, i BRRE



%510 3]

SRIFEL, S5 S OO RRARI K b p-Z5 3275

O AT I A A IR, NS VR B (R B B O Al T O AR Y BR
(method detection limit, MDL)F 2~5 f5BIFE M AT n(n=7)
UCFATIAE , K 2% I g 45 R4 5 A o b VR B B 6,
T n RAEA TN 5E FIAR HENR 22 (standard  deviation, SD), %
NI T ER R
MDL=t,.1 0.99)*SD (D

Kb HEBER n-1, EAGEER 9% ¢ 434 (B, 4
n=7 i}, =3.143,

ARWBAUER, L 0.0040 mg/L H KK (H T %N
880.2 ps/cm)iFAT n(n=T)IRELME, THENE S5 briE
2, MA@ ARXG) I MDL A E T B (method
quantification limit, MQL),

MDL=Z‘(“_1,0'99)XSD=3.143><SD (2)
MQL=4xMDL 3)
3 ER55H

3.1 FEMFREMLNR TR
3.1.1 Fikegire e &

GB 5749-2006 { A= ik F/K A AR e ) VIRLAE B-25 )
FIRRME A 0.4 mg/L, UL ThsUERML KN 0.5
mg/L. 7 0~0.5 mg/L p-ZEMM ETE R P, Aniih £k gt
MR =1, HA HEBIFRZTE. p-Z8mis i ahr e ih
LWL 1,

1000
900 |
800 - Y=1808.7X+0.4075

s 700 r=1

w600

35500

# 400 t
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100 |
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K1 B-ZEBr B bR E I £
Fig.l Standard curve of f-naphthol solution

312 FEAEER

MR 2.2.4 W5, BEARITE -2 K R N
0.0007 mg/L, J5€ FFR>N 0.003 mg/L., GB 5749-2006 ¥
FENY B-ZR B BRIE(0.4 mg/L)JZMIE TR 133 f5, HbA
J5 1L 2 GB 5749-2006 Fr Al Jy 1A K o HAAKS I 25 1 I
£ 1.

32 FHEMm
32.1 a-AB¥h

B o-ZRW R4 AR, T X R 2R
(0.5 mg/L)4>5I7E 308 nm I 328 nm ALK T 200~
600 nm & HT9ERE, LA 2,

B 2 ATLLE W, 16 328 nm R EK T, g-Z5M ik
KT 364 nm, a-Z5E KR FHE N 477 nm, 53¢
ik — 3O [, a-ZEE e R B 364 nm ATk
PR EEAR/NAL Y B-ZE TR 1 0.3%); £ 308 nm & I
KR, g-Z5W e K & Sl K 364 nm, a-Z58h ok & S K
J 477 nm, o-ZEERUSGEREE B AR, BRI TR R T
477 nm AbEIEHREE (5 o-ZEI O IEIRE A 24%.

FIN 2T B-ZEMRE 0.5 my/L)Fl o-Z5B (W
0.0167~15 mg/L)AS [F] ¥ B2 b A9 1R & W0 78 WOAE 3 & DK
328 nm FIE S K 364 nm FIBGRIE, f-Z50 5 o250
W EE LU 30:1~1:30, YR-G IR I 200 B BAIR G 81k
CEANT 1%)o Uil p-Z5100- 25 W A 30:1~1:30 YLl
W, a-ZEERXT B-ZR A RO B T T4
322 RANEBFHhH

ST Nat K'L Ca®™ ', Mg™". Zn*" | Ba™"| AP’",
Cu®, Fe’*, Pb™", Hg™". Cd™3t 12 Fh WLFHES /1 CI .
S04 . F. COs*, NO;y, NO,, CN", ClO", CH;COO
9 i WL E F K& NHyNH, (HR)7ES 0.5 mg/Lp-ZEm it
TER N H e Y8 B A R %5 SR PHES F 4 0., 0.00001
0.0001, 0.001. 0.01. 0.2, 1. 5. 9.5 g/L, FEMBFuk
Bk 0, 0.0003, 0.001, 0.01, 0.1, 0.5, 1. 5, 9.5 g/L,
K5 1L 3. 4,

=1 pEBERONESR

Table 1 Determination results of f-naphthol sample

ETRE W52 {8 /(mg/L) FHME/(mg/L) bR 2/ (mg/L) t1H 5 H BR /(mg/L) W52 T BR/(mg/L)
1 0.0040

2 0.0039

3 0.0037

4 0.0041 0.0040 0.00022 3.143 0.0007 0.003

5 0.0037

6 0.0041

7 0.0043
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Fig. 2 Emission fluorescence spectra of f-naphthol and a-naphthol
1600 Fe'', AP, Cu®", He?"fff f-Z5M o e i B E 4k, 81
1400 b WEEE 1 g/L LIF, Na™ K™\ Ca*". Mg®". Zn®", Ba®", Pb*",
1200]- —A— Ca?* CA* W} p-ZEWy e e B ICse i, 76 1 /L LI E, Na*, K,
1000]- e Ca™, Mg™". Zn™", Ba’", Pb*", Cd*Xf p-ZEMHOLIRIE A
= o0l —>— Ba R B AR B
2 oo oo HIE 4 B, 8 TYRIELE 0.00005 g/L, CI', SO, F
" 400f —e—TFe¥ CO;*. NO;y, NO,. CN', ClO-, CH;COO", NH;-NH, %}
I 2+ |/, N \ -
200] ot BIREOEIREE LN U 0.0001 gL LT, NO;
ol —=—C@ F. CH;COO X B-28M o i FETCR M, CO5™ . CIOff g-
o0l o ! . . ZE W SR FEREARIR B IS 18%, CNf B-ZR Mook B [

8 % 4 2 0 2 4 6 8
WX LeC/(g/L)

K3 BHE X B- RSO B AR IR

Fig.3 The effect of cation on fluorescence intensity of f-naphthol

1600
1400L —=CI

I 5
1200+ IS:O“

i 1000 r —v—CO.>

% 8001 —NO,”

7 r ——NO,

& 600p ——CN°
400 —e—CIlO-
200k —e—NH, NH,*

0 [ —*— CH,COO"
_200 [ 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 n 1 " 1 n 1 n 1

-12-10 8 6 4 2 0 2 4 6 8 10
WREEXTELgC/(g/L)

4 BT T B-ZE B PO B A 5
Fig.4 The effect of anion on the fluorescence intensity of
f-naphthol

HE 3 FHH, BTFHEL 0.001 g/L IR, Fe* 'l p-25
T3 ¢ o B PR IR < 6.5%, AT, Cu**, Hg fifi p-Z5Wo¢
SR FE G B FRAR IR < 0.5%; 7EHEE 0.001 g/L ULk,

AR X 74%; BT ETE 0.0001 g/L L |, CN°, ClO-,
CO;”, NO, . F, CH;COO i p-Z5M H¢ i i i FAIK
BFHETE 1 g/L LIF, CI'. SO4% . NOy, NH3-NH, % g-
ZEWyISERETCEM; £ 1 g/L UL L, CI', SO, NO5 .,
NH;-NH, X p-Z8 0 5 o AT R ARk 34 . IF AT s %
LTI GB 5749-2006 FRIGWEEZ T, X p-Z5Bh o o
JE TCRZ M

323 ARAAH Aok

ET-JE SN th:xgﬁé}\ ]2 =
TRHFEEFAE T 0.5 mg/L B-ZE M v YR BE R, A
2.

M2 2F M, 16 0~500 mg/L ¥ JEIEEM, Bk ErZ
RO, PRBY . XRIEY . RIIR AT fE SRR S R
#1000 fEEGEEXTF B-ZREIREDAME T, PR
K < 11%; XTSFEIRBY . 2,4 —EFORIYA (Dt
BN R, 4 FREAER, WY SR B 2 0E B RE AL
17%, 2,4 GBI 9 R BERE AR 23%

324 RB@EBRANYH

A3 5T U ) B 3 T M A e R R
FR4H, PHESFRIETEMERIRM oS be R = 5, EE+
FRIANEPES Tween-80, Triton X-100 X} 0.5 mg/L 1Y B-Z5W)

KRS FE R | 2,4
SEFLIL
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POLIRIE RN o SEH 2 BUIX JLRR R TG PR B A, X
B-ZRB I 5E 60 3 L X RO A N 5, 7 0.005 g/L
WRELLT, X B-ZR My e BEREA TR .+ —he R

RN, TRAE TNk = B 344, Triton X-100 ¥REETE 0.1 g/L
PR, X B-ZE By o B i34 K i B2 /N T 8%; Tween-80 ¥k
FETE 0.01 g/L LITR, XF 9 0um B s RIRE /DT 8%,

®2 HAENYX p-FEEIILEE R

Table 2 The influence of similar organic compounds on fluorescence intensity of f-naphthol

PRI
A PP /(mg/L) )
2Ry Xt 2K [A]4 = 1y Yo fiE F A Ty 2.4 TRHRAR Y
0 1507 1507 1507 1507 1507

0.02 1509 1508 1512 1516 1527

0.2 1509 1511 1523 1519 1383

2.0 1515 1515 1530 1252 1160

20 1521 1518 1495 262 869

200 1581 1590 1538 0.1 51.1

500 1595 1631 1667 0.01 7.5
—o—Tween 80 6000y - ZEW MO BN 0.0040 mg/L, 7E W E TR
-g-Trition X-100 50001

o AR w000
R =UET

i i 4 2 0 2 4
YK BERPLeC/(g/L)
CENESE A

Fig.5 Influence of surfactant

FIIE B-25Wr: a-ZE MR EETE 30:1~1:30 JE[EIN, CNB
FHBETE 0.00005¢/L LLF, NO, . F'. CH3COO", CO3%,
ClO B FMEELE 0.0001 g/L LAF, Fe*'. ALY, Cu®. Hg?
TEHE 0.001g/L IR, Na™, K. Ca**, Mg*". Zn*"., Ba®",
Pb>", Cd*. CI'. SO4*. NO3 . NH3-NH4" & ¥ ¥k 15
1 g/L LITF, 288, PR =W, 2R =Bk BETE 200 mg/L
VIR, XL ZR M A1 2,4 "SR B MR 72 0.2 mg/L LAF,
b R RETR R FR AN . TRAL TN b3k = 3Lk . Tween-80
Fl Triton X-100 ¥ EEALE 0.005 g/L IR, X g-Z5Mhae tom
JiEFEAR TCHE
33 BEESRK

SRR —F K . R KRS K (A
KAORES, AR PATINE 7 K, A5 R R
B-ZRE A FA AR R 22 . R S5 SR L2 3.

AL, MK K MR OK R B-ZE R X (AT
M E T BR 0.003 mg/L Z |, 3X 3 2K BHXT bRt 25 4
1.61%~3.09%, /N 4%, EHRE % LT & WK (A k)

0.003 mg/L Fffif, AXFFRAEIRZE R 5.58%, HRIML T I
BT NG 2 BE

£3 FRKEHUEER

Table 3 Determination results of different water samples

FE 2R P35 {8/ (mg/L) RSD/%
K 0.0116 1.61
H R K 0.0074 2.34
K 0.0099 3.09
BIK(E 2KIK) 0.0040 5.58

34 MEREWERLE

Sy P BGER A K (LR ) . K . Rk, T
K. BRAK(H KA 5 FlokEe, XHE2EKEESHITE 0.01,
0.25. 0.45 mg/L(537 0 T FRFHE . 0.5 bR i m
WA . 0.9 fbrddn m sk EEEDAR . . & 3 AMREEK
-, ST INAR RS, 4 BERE S A BT (14 42 AL SR A AT b
FEAFREACEATINGE 7 WK, TTHRASTRIVR BEACERE b i i [l
R TN AR i 22 5 S8, Rl 25 5 L% 4.

FE 3 A ERAKE T, 5 KB bR B R R
87.0%~99.1%, MSTARUEIRZE A 0.44%~2.5%, MR EISCR
2 80%~120%3C 5= Frit ¥ il 2k, B, it
HHIZ 7 1 2 5 s

4 &

A SCHE ST B 6 BE VR SE K R R - 2R B 7
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LA e

o, HARTAL PR . R SC REE . K PRAR . K
WL e S ZAPEERNR . R BRI Y
a-ZE W vk AR 30:1~1:30 JE R N, CN B F Ik & 1
0.00005g/L L1 F, NO,", F'. CH;COO™, CO;*. CIO# T
WHETE 0.0001g/L AT, Fe**. AT, Cu®, Hg® ¥kJE1E
0.001g/L LL'F,Na", K", Ca?*, Mg*". Zn*", Ba*', Pb*",
Cd**. CI', SO, NO;". NH;-NH, "B FU 7 1 g/L LA
T, FRm 6 W R 2E R A 200 mg/L LR, Xt

TS LB A 2,4 RS LR EHRETE 0.2 mg/L LA T, T 2kt
FLORFERR N AL T 7S e Bk = B 3L 4% . Tween-80 Al Triton
X-100 ¥ BELE 0.005 g/L LAF I, A7 2@ T HE K |
HUFIK TR ERK(ARAK)H B-ZEmIE .
A R R R A T BR B R R AL AT AR TR AR K bR 1
e B-ZR T BB SR, Sl 2 T Hh /Nl AT A A6
TR, SRR IR I L B K B s B T — o O
TR

R4 TRIAFE AR BT X HRERE (1=7)

Table 4 Recoveries and relative standard deviation of different water samples(n=7)

(A sl finkrt/(mg/L) ARJEAE /(mg/L) 7 {H/(mg/L) SB[ /% RSD/%

0.01 0.0090 90.0 2.3

Atk 0.25 0.0000 0.2464 98.6 1.4
0.45 0.4461 99.1 0.44

0.01 0.0205 89.0 1.3

=K 0.25 0.0116 0.2376 90.4 0.85
0.45 0.4153 89.7 0.76

0.01 0.0168 94.0 2.5

HR K 0.25 0.0074 0.2381 92.3 2.0
0.45 0.4223 922 0.64

0.01 0.0189 90.0 1.6

K 0.25 0.0099 0.2382 91.3 0.97
0.45 0.4195 91.0 1.0

0.01 0.0127 87.0 13

BRI (A KK) 0.25 0.0040 0.2340 92.0 1.1
0.45 0.4164 91.6 0.70
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