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[Abstract] This study establishes an analytical method combining High—Performance Liquid Chromatography
(HPLC) and the gravimetric method for the simultaneous determination of fluoride (F") and heavy metal ions
such as copper (Cu?"), lead (Pb?"), and iron (Fe*") in complex samples. By optimizing the sample pretreatment
process, chromatographic separation conditions, and gravimetric determination steps, efficient separation and
precise quantification of the target components were achieved. Fluoride was converted into a UV—absorbing
complex using a derivatization reagent (2—phenyl—1,3—indandione), separated by HPLC, and then determined
by the gravimetric method. Heavy metal ions were formed into hydrophobic complexes through a chelating
reaction using 8—hydroxyquinoline as the chelating agent, separated by HPLC, and subsequently collected,
dried, and weighed.

[Key words] High—Performance Liquid Chromatography (HPLC); gravimetric method; fluoride; heavy metals;

chelating derivatization; complex samples

518

e RO €3 (HPLC) B8 v 0 B e 0 5 2 A0 R e 5,
CLRHH i B TEHLE 70 B s SR 1T, TEAL S ok = S8 AN el
FOURE, FIEEAT AN R B PRSI &, B4,
AT 5 BT SR SN ), B < U T
EA B K VE LS ) - A — R e BT B, IR
AR H AR ISR, T A RORE G (S i SRS ORI R 22 . R
HPLCH) 73 1 e 71 5 BRI 4 Xt 8 AR IE 45 &, ARSI E
ZRFE b 22 R B R 0 AT o AT ST AR K AN Tk %
KRR, S ACRTE IR il 26 AN H R R AR,
Fyg 7 —FPHPLC- BRI BOR, TR S Ee RS T

(Cu**\ Pb2*. Fe*) WY INE o %75 VE NS A i b JopL i Gy
PR s BT B O T 5 5, AR A S R T

1 S UMEEERE

A NI IT RV A &1, 38 DU 51 B T RS
T TBRAFAE, T2 30 T RIRA M, e 2 Fh Tl A= i 2
o, W YRS BRI L, AORBIE . ISR A
HL7 Tl AR T2 A B AR 2 & S5, A9 H W5 G B
AR N A 75 IR O3, 38 R BN T 1 A7 LA B
YRR, SR, i BN R BE 51 AP A, H 2 S BURE M, XA
A RRERE) R o

4R T, RETR L 4. 5g/cm® )4 JE J0 ER BT LT

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 129



Geological and Mineral Surveying and Mapping

&) 25
B 7HEeWE 11 HeNEA 1.062024 4
YERM. | FIS (ISSND: 2630-4732 / (FHETIS): 561GLO0L

B, Hlncre+. U6+, Te3+. Co3+. Se6+. Pu3+. Hg2+. Mnd+
&o EIREBLGYBE T, EER@EHEIRIER OKED - . 4.
BUKKEBWERABEEYIIEN TR, REELEBEET
EIRBE RS E AR, MELL B ARFRAE, BLReim i ek A ik N
B R, AN NAR, SR AT E . AR 5 A
NI A B A o T R AR U AR, S X 1
REFATENE, SENRRESR T PRR, dREE .

EEAFE PRI E RN ESRE T ENRS &
Poliko &5, FERERE AL, SR 2T HRNE R, X B
MR 0 5 5 SRS B R R, A AN e R R T AR AR R D
ZMIEBAETE, DTSR AL FRET-PL E 1 72, f2m
S5 RO AR PE LAk, BE S Ab B D B AR TS e AR R R
W0 5 T S FR DGR IR 2 o IRL U, % B 4R R I Ak i AN R
IR A T-N5E, AU O BEE B I8 J7E, HEm s s st
S, LIRA ORI 58 45 L ) R M AD PT S

2 BNEHEAEIE-EEX

AR B - R AR M S THPLC Y AR S &
RIS R BT . SR RA RS mR
BT | W R R AT P S R, (R A TE AR R B FERT R
AN SZ R T P T 5 T 2 SR BR 1

2. 1EH

1 AR €3 (HPLC) & —Fh ik /W B, & R R RE & b
& 2By 15 ] 8 AR AN B A 2 B 4 BE R A 22 Rk AT A B . R
HPLCAM T H, B v N Ee il b, 36 a3 AR [ 2 A R RS 30,
ANTF) 20 34— S 3t e A, H ) s A DN o B v )
T8 I B AR EAR DU 2H 53 B AR DG P W R BT S R E S Y
J5 1 o FE R RORURE (i - B BRI E B AR dh A A E 4 R
A A ET, B2 HHPLCK A f b (1 B AR 7 5 HAL A 40
o B ARG WA B B ARZEL o BV H A, R I I Y A 2 R R
CanPisE RBE) ¥ H bR 20 - F A R AT AR B TR 2 B Ja & ad g
Ve TELZDIR, MR DTIEY, FH08 AR & RSP EAT K
&, NTHEH BARA S B E .

2. 2N F A B4

TE ST ZAE it R AL ) R B 4 8 1 B o DR A DU Ak
A il - B R AT RO B 1 R 0 B Re )
FEE B VA B E AR, TR T — A B e RO HE A P
H&R.

(1) @RS . TR ZRFE S Ak 2 24053 T4k, HPLCRES
A HAG B I AR, B BARFAL YA B & R 3 75 oAb 4
SRS BRI R T RS S
H, HPLCSIEIL 156 B ity o - 43 RS A 1, DR s S 1 B2 2l
SESRAL T Aiig BT SEARIAL Sy X — SRR S, MU T
BT, 4R 7 RE R HER I R R R

(2) = REPE . FEHPLCSY B 5, ARrill 2H 43 B AR R T vl
IR SRR EROR AT E . XA A IE R T E 4
FE G R B RV AN 48 B T, A RS & B AR AR,

REIE I R R AR R . X R R R R, {H431PLC- &
BIRTEREE L 4 4 R I AR 1 R 3

(3) LR T VESS & T HPLCHIRS T 20 B AN EE B B
PR, JERL T — A SE BRI R R . 7EIX —1& &, HPLCHi R
T RISy B Al BE R4 B R, T B R AR TR TR A e
BAEE . P ARG, 750 45 R S A T e, & A TR
DN 5 A P SR e e R R Tk A 7= AT

(@) GRS o EIEAUEF T B (KA KA
LI B4, BT T R (A ISR [
D o AN [ 2R AR B 7E DU AT AR T B AT 38 A I Tl A 2R
EHPLC [ R 37k P4 0 2 vk (K 8 M A A3 1% 7 Ve T 2 L
P R S I T KR S F I, AR T A $R
T W2 kA5 A, i RHPLC- 5 B ke B 240 i T R B
H B KT R 7 7

2. R FAT /IR M:

2. 3. FEREHI

(1) B S TAL B 546tk . B 2AE ST 04T T, R4
o AR B TAL B B, IR PSR, CARRRIE R TR, S m s
PIROUERGTE . [RIB, BE S PR (A MIRRE . e tE . RS
485) T BEXTHPLC I 43 T8 200 SR A B B2y (g s 4 B 7 A S i
BRI, 78 2047 AT 75 6B S AT 38 2 1 TAL 2R, AR Ak 3 BT 214
AR R0 5 45 FL R mT S 1k

(2) $AEME S AR HE HPLC- Bk i8 B 2 AN 1R 5 IR
FEAND IR AR E T 1 B 52 50 L e N A T e b B5 I,
PRACER RV E AR AN R I, DA £~ 43 M 0 v 1 R T 52
P o AN, TR L (SR 25 R 5 B 4% T S WA AT A HE A 4
B, DAT DRASCES 0 v T P AR T o A R T A B P A% 42 1R
A3 Uk BA PO AR AR R HE AT, i S B R 2 S B A R Bl
I E R

(3) M) 5 S e 4 o S & PR HPLC— 2 J 2 (1) )
B R — o R B AR FE S0 B 1R IR T R e, e SR S A
FLRE T PR S AN R B A S I A0 o (RN, S Bt A v 75 P A%
SPEL AR AR, BORSRIR N 5L IR & A R SE 6 W 46 1 IE R I8 4T

2. 3. 2JRBR M

() B B 5 HE 5K . HPLC-EE B398 Jt 2 AN B 4k
B, ALFEARE S MBI P, . BRI, PR YR, T
PRANFRE S, A AT RE AR B H R e IX 3 I T R
AR TAER, JF 0T e8I NS IR 2 %o 75 ZEPEAE B0 2
SERBI G, ST REA R B .

(2) A% 1 5 R 1) o 5% B0 A B T XS HPLC ) 43 13 20 SR R
ERIEME S R A BB . X T R R R P R R
AR AR R P VD S A A7) R o 4 s, G G 2 T e 32 B R
B, 3 R AT B DR RS s M 2 B 3 i i o DA AT HE AR
5E .

(3) REYUE SR . BEARE R HA BRI R, (EX
FARARIRFE R B AR 5, FAS PR 7T RE 32 2UBR 1] AL X R OLT,

130 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Geological and Mineral Surveying and Mapping

&) 25
B 7HEeWE 11 HeNEA 1.062024 4
YERM. | FIS (ISSND: 2630-4732 / (FHETIS): 561GLO0L

A B T BRI F A 5E RS 2T 75 3%, 0 HUBAR & S B IR T
T (ICP-MS) &%, LAvw flix — J&y R

3 ke

3. 1SEER MRS A

W EALEY (NaF) « FEERER (Cu (NOs) =) « FEERER (Pb(NOs) )
TRk (Fe (NOs) ») « 2-#E3E-1, 3-8~ (1T AL ) « 8-#2 3k
WEMR (A « 25 (Fikal) . 8Lk (R =18, 2MQ-cm) .

108 AR A (BLERAME I ES) « A3 HT K RS
0.0001g) « U HMAL. BOHL. BHETHRMA.

3. 2R ST AL FE

AT AL 10 mLZK#E, 0N 2mLO0. 1mol/L2- 2K &
-1, 3-Ei W LG W, 60°C /K X M 30min, A2 38 L2 50 o

BEBREA: HI0nLAKEE, HTpHES. 0, JMAS5MLO0. 05mol
/L8 $2FL MMk AR, B FE R 20min, 2 N4 B S .

[ AR AL AT A A S R B0 C L8 R AH RE IR, FH 2.~
7K (80:20) Heft, Wbk H AR 5%

3. 3 HPLC/y M2

3 CI8RAFAE (250mmX 4. 6mm, 5 W m) .

WENAE: 250, 1%F BR/K VA (B FEBEML: 0 - 10min, 30%
ZJE—~60%Z ) .

JE: 1. 0mL/min; AR ML S 11285nm, L&
A W254nm.

FEE: 30°Cs HEFfR: 201l

3 4FE LN E

4 HPLC 43 5 J5 11 H 5 41 43 US4 T TRk 26 1 3% 1 4 3
H,60CHATHREMEE, bR AEME. WIEmEih i &
LhrE .

3. 507

T B8R T AT RIS . RSLHR B R ] %
B EWERRKTZM . AN 0. Inol /LIRFFIRE
60°C~ 30min, PLAfi7 AR 3R 1K 98%.

A IR NipH: 4R G I N AEpHb. O 2564 7= 28 B
(Cu2* :95%, Ph2* :93%, Fe? :90%) .

BRGNS BERMART A RS T RS &S =
SREEY), HUEEE R 5) FEIITER,

3. 67 LIRIE

LR S PR - 7 VR IRAIESE SR R B, Ak 2R 1S
0. 1-50mg/L (R2=0. 9993), Cu2" . Pb2*. Fe** FIZ P it 4> 51l Hy
0. 05-20mg/L (R*>0. 999), & Fl 73 FI A Hi FR 50. 01-0. 03mg/L, il
PR [EICRAE92%—107% 2 18], AR ARt (R 2= (RSD) BMKF-5%. ATy
TR IR F BB TR K BE SR 0 #T, 4550 5 B KA
V(B FaE, FEFRIEOEEE) BA RiF—8tE. &7
ERNE TP TN E TS5 ESEE T RSN A T 5

T, HeE m st S F I 5 E SR S T I MR &
BRI L.

TR SHER L XHIARERS: (F 2 5mg/L, Cu™ : 2mg/L, Pb?* :
2mg/L, Fe" : 2mg/L) BEAT6 K FAT I 32, RSDAL. 2%—4. 5%, A [E]
W2 H92%—107%,

Tl LBMETEFE S H R

F5 By kg L (mg /1) R Kt (mg/1)
1 F y=1. 25x+0.03 0.1-50 0. 9993 0.01
2 Cu* | y=0.98x+0.02 0.05-20 0. 9995 0.02
3 Pt | y=102x+0.01 0.05- 20 0. 9991 0.03
4 Fe'* | y=0.95x+0.04 0.05- 20 0. 9994 0.03

3. TSRBRAE BT
195 HCHE Tl el X 7K R J T T KR il AT G, 45 3R L3R
20 HEBRTTIEXS L, AHX 22/ T-5%, R BT AT EE .
R2 LFRFEAR D HTE R (0=3)

5 KA F (mg/L) Cuw** (mg/L) Pp** (mg/L) | Fe’* (mg/L)
1 JRIK 12.5£0.3 8.7%0.2 1.2%0.1 15.4£0. 4
2 K 0.8%0. 05 0.340.02 0.140.01 1.2+0.1

4 EERIE

AT IR E T HPLC- ik B FHROR, SE3 T 52 400 b
FRAVSESREETHERDNE. @I AEh 58S RN
TEWLES T H Ak & A HPLC BT AL &4, 456 B VL 4% 8
B, BERI T AR S EEN . SShRRHR MY, 1%
J5VEIE T BB KRR AN Tl /K B AR A, S 22 20 4y oIS
P TR T SRR T . KRR AT — D40 e 2 AR A
BT (W1CL . S0.27) 5 E 43 @ (¥ RIIREAS N, #3044 1) 2 1)
Rtk .

(5% 30Hk]

(1G5 AZEREHZ A A-L-HWREFRIHHEL
MEWHF R R L 45 FIEITA,2013,6):012.

(21305 R, 2= 3% & 6 SL R B &0 3 4 R 2 LB T 38
MENEE RN BRI F B KR KRR K F
#%,2013,(1):008.

(312 WA R4 & A A 4 B9 67 & L —HPLC 2 AT [J]. 247 3K
3 %,2021,40(3):45-50.

EEE T

85 3t (1985——), %, 33k, WAt 2 WA KA, A2 0T B 5
6] A AL F M

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 131



