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Figure 1 The effect of flow rates on the enrichment of Mn,
Fe, Co, Ni, Cu, As, and Pb ions.

3.1.2  EERBARR

7B S B 20 mL/min. K5 pH 5 (1) %614
. WEFE L WAR R 5 8 500 100, 150,
200, 250 F1300 mL W /& SR, SR K 2
Fin. B4R I w4 S AR AR I iz

T, ARYE HI 493—2009 (/K5 #f i O (R A7 A0
HEARME) B, EE&EETR RO IFEEN
250 mL, 7 L& B SRR AR IS B B TR B b
HE SRR KT8l N Z R0 E
SRS (], 17 3k /S PR AR R 15 XRF 1 3
&N T LA AE 200 mL it & SRR .

——Mn Fe — Co —~Ni - Cu——Zn —-Pb
160
140 +
21201
g 100 |-

. 80+ -
an

:tg 60 |
E 40
20

0 1 1 1 1 1

50 100 150 200 250 300
B AEWUAT (mL)
B2 wEM AR, B B B WL B TESE
RAHm.

Figure 2 The effect of effluent volume on the enrichment
of Mn, Fe, Co, Ni, Cu, As, and Pb ions.
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Figure 3 The effect of effluent pH on the enrichment of
Mn, Fe, Co, Ni, Cu, As, and Pb ions.
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3.2 AiRMEEETM
3.2.1 bRk 2 A7V H R
3 HIBCE 0. 204 504 100 A1200 pg/L 45
AW, DL JC R I IR B A REAL AR, XRF
Wi 97 AE A AL b 22 il bR B 2%, 3% 0 R I 2R
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Rz bk,

Table 1 Standard curve.

VI L LR [E I A2 AHIAE R?
i ¥ =0.9996x + 0.2979 0.9986
B y=0.1763x + 15.362 0.9991
il y=0.1174x—1.0105 0.9986
! y=0.2103x—0.1356 0.9978
] y=0.244x + 5.8613 0.9986
B y=0.2693x + 3.48 0.9953
Y y=0.5379x—2.4627 0.9975

R2 JIFERHIR (ng/L).
Table 2 Detection limits.

AT WeOoBk w0 B W B

1R 65.11 77.17 66.21 67.40 63.41 63.87 66.66
2 69.18 63.67 69.09 57.31 57.66 62.35 55.98
3R 73.45 67.80 67.10 57.47 67.08 52.20 62.04
4R 67.45 67.07 50.58 58.95 61.38 56.42 62.81
5K 6438 71.15 53.84 67.00 61.72 56.43 62.02
6K 62.18 67.19 60.54 57.97 66.83 54.26 58.98
TR 56.53 56.13 50.64 57.11 51.09 53.01 47.23
8K 76.07 69.54 67.22 55.40 60.17 65.99 67.25
F9X 57.67 59.68 52.97 62.61 61.84 52.55 54.31
FE10K  59.21 66.89 60.74 53.43 57.83 59.8 64.09
F11IK 60.13 65.00 60.35 55.01 53.63 59.91 67.38

FrAERZSD 6.38 5.58 6.99 4.66 4.96 4.81 6.24
L (n-10.99) 2.764
FEKHE 18 15 19 13 14 13 17

AT ST B HBR 4% R 53 1 W o0 BT 7 v A
HEFITELARZ Y (HT 168—2020)7 1 Fif HiL5E 1)
HE W E AT, MK CPAT E &
VL RFFFEATIE , vHBPAT W 8 A I A v AR 22
(SD), JriEAE IR (MDL) M 4,1, o.00) (BLAR N
99%-. HHE -1 1 ¢{H) 5SDHEM. A
S8 0 IR B IR B 60 pg/L 1 7K R bR v RE R AT
T 1IRPATIGE, Bl n 11, BB 1,21, g09) HX
H2.764, Z5RWE2 7R,

AR 2 vl A1, A5 iR H B T GB 3838—
2002 (MR KT EARAE) BRI K A4
rp QAR 5 R K BB 3R KR RS R I H B ORE
TH AR AERRE - 2% AT, A5 v R A e
Bl 8 %5 5 /2 B 4 J V5 G h 3R K R B B 2
TR

322 UEREREEIGE

% T 4 @ b v VR W (GSB 04-1767-2004) 43
SIFERERL 504 100 A1 180 pg/L #EATIIE, #4il E
SE R SRR, SERWEI PR HiK
FER 50 ng/L I, BRERFTAN, HAh 4R & 11
HFK A v Al 22 A 14%~18%, 8 AR ) AH Xof A i
i 258 23%~25%; 4R N 100 pg/L #1180 pg/L
B, BT ARSI B 4 S B T 10 AH T bR v R 22 A
3%~16%. AFE NI P A I 77 PRI R (1) 1R 22 2
SEAT AL DL AZ A0, BELSP 4TS 2 1] (R R 45
HILECRZ 5, AT Re IR B FRF XS5
S SE PR AT AR, A B IR R
FEXT R ZEHEK o 0 A S B A D Hh 75 2B 1
(R e 45 5, AT RE AR R RE AT 2 i, L
FOP B E R BRA R R 2 o

FT3 WML S R (ue/L).

Table 3  Verification of the accuracy.

PRt AT i B & G £ 22 Yy
1R 40.79 34.14 39.85 38.36 43.69 40.89 37.84
2R 48.48 38.13 42.11 46.26 42.32 50.66 55.14
3R 58.44 55.02 46.78 40.77 34.12 47.43 53.90
AR 60.37 59.46 58.72 54.81 65.88 62.43 67.33
%5 63.78 60.61 55.02 56.97 60.84 55.25 59.63
30 6k 55.03 59.10 49.57 43.04 49.03 52.42 51.90
FME 54.48 51.08 48.68 46.70 49.31 51.51 54.29
AR IR ZE (%) 8.96 2.15 -2.65 -6.60 -1.37 3.03 8.58
PR 2= 8.49 11.79 7.30 7.61 11.99 7.27 9.75
RSD (%) 15.59 23.09 15.00 16.29 2431 14.11 17.97
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Table 3 (continued).
PR 5 PAT S i 2 i %% i B Y

1R 100.5 85.73 105.5 89.06 88.40 106.50 101.3

2R 98.98 101.1 99.53 92.72 103.6 101.3 108.4

3K 94.11 89.22 86.81 85.60 78.00 86.07 96.30

£ N¢ 91.09 72.19 87.13 88.99 74.54 83.88 93.73

100 5K 97.45 92.83 76.66 89.65 81.88 83.91 97.12
6Kk 97.07 99.79 95.73 87.60 98.00 107.5 109.9
FIME 96.53 90.14 91.89 88.94 87.40 94.86 101.13

FXT IR ZE (%) -3.47 -9.86 -8.11 -11.06 -12.60 -5.14 1.13

T 22 3.42 10.61 10.38 2.36 11.49 11.44 6.69

RSD (%) 3.54 11.77 11.30 2.65 13.15 12.06 6.62

1K 140.1 131.6 134 143.9 144.1 155.6 152.7

20K 142.4 121.2 145 139.3 1293 134.7 128.3

$3X 142.2 114.7 136.7 151.9 133.9 140.7 140.3

AR 1443 146.6 158.4 143.9 144.2 156.4 160.2

180 S 155.3 162.9 151.3 141.7 154.6 155.1 172.9
H6IX 162.9 167.5 170.6 152.3 162.9 151.5 195.2

EHME 147.9 140.8 149.3 145.5 144.8 149.0 158.2
AR ZE (%) -17.85 -21.81 -17.04 -19.17 -19.54 -17.22 -12.07

PRI 22 9.12 21.84 13.80 5.39 12.52 9.11 23.81

RSD (%) 6.17 15.52 9.24 3.70 8.64 6.12 15.04

3.2.3  SEBRREAR AR EICR

Xt AR K (R E M T BT 9AL) Bl A A T
DR (A R 22 ) R AT bR Se 56, #F i
FEARTTFEMAFA T, Frilm | B R H o %
FERLBEAT AR IS, AR & 50 pg/L, #ZIRAL

oSG BT & 46 6 FINE , TSN Rl
R, @GRWMERAFR. BHRITEI, SLhRFES M
Fr U A 81% ~ 101%, ke &M U E A
111.1%. XBLHZ ARG RGP &EHE, 1]
LFH T SE PR AR I E R S =

T4 SLPRFE S INAR EICR (ug/L).
Table 4 Recovery rates of the spiked actual samples.

& 2k i 7 i B i
JE KA H44E ND ND ND ND ND 18.97 ND
waadERpk e (el >0
hokr e 18 50.67 5552 4593 43.62 44.18 67.66 49.71
kR ENCR (%) 101.3 111.1 91.86 87.24 88.35 97.38 99.41
S AR 5 $504E ND ND ND ND ND ND ND
g JnkRE (ug/L) 50
T 5 e H4E 4554 4580  41.02  40.60 4390 4887  47.17
IFR ECEE (%) 91.07  91.60  82.03 81.19 87.80  97.75 94.35

T ND R ORI,

% i

AHIE FC TR T 45 20 XRE ACHRE N &
KT ERRO T B s ERE. 55
PRBIRIRE dh pHAE S5 251, R PEm 1 %7k
Kol R . ZI7 A Bk B B

4

ey HTAEE R AR IR IA E ppb 0, PR
i DR SO R, BE NS i AL PR B BT RE o
B m PR T oK. R, 25 R
. R PROE, & T I R R = R
HeEodr, NEEEGREN SRRt T
R SRR T B
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Technology and Application

A Fast-Screening Method to Detect Trace Heavy Metals in Water

XU Shu-li!, SUI Qin-quan', WANG Hong-wei', JU Jia-nan?, FAN Shu-quan?, YANG Ling-yan?,
LI Ming-wei?, YAN Hu-sheng!-3"
(!Tiankai United Technology (Tianjin) Co., Ltd. Tianjin 300192, China; *Tianjin Eco-Environmental Monitoring
Centers, Tianjin 300191, China; 3College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract A fast-screening method for detection of trace heavy metals in water was stablished. The method
involves enriching heavy metals in water using a dedicated cation enrichment tank and then determining their
concentrations using a handheld X-ray fluorescence (XRF) spectrometer. By optimizing key parameters such as
enrichment flow rate, enrichment volume, and sample pH, the optimal enrichment conditions were determined: an
enrichment flow rate of 20 mL/min, an enrichment volume of 200 mL, and a sample pH of 5~6. Under these
conditions, the detection limits for common heavy metals such as lead, zinc, and copper can reach 0.013~0.019 mg/L.
Except for a low concentration (0.05 mg/L) of iron and copper, the relative standard deviations of other metal
ions ranged from 3% to 18%, and the relative standard deviations for low concentrations of iron and copper
ranged from 23% to 25%. The recovery rates of actual sample spiked additions, except for iron, were between
81% and 101%, and the recovery rate of iron is 111.1%. The results showed that the detection sensitivity of the
handheld XRF spectrometer was greatly improved by the enrichment with the cation enrichment pool. This
method is simple to operate and fast to screen heavy metals in water. It provides a new technical means for
emergency pollution monitoring and prevention of heavy metals in the environment.

Keywords Cation enrichment pool, Heavy metals, Handheld X-ray fluorescence spectrometer, Rapid screening

* Corresponding author: YAN Hu-sheng, E-mail: yanhs@nankai.edu.cn.



