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Development and application of a novel passive sampler for monitoring

heavy metal pollution in water bodies

ZHANG Xingyu, XIAO Yanwen, LI Yanshuo, MA Haodong, CHEN Ke
(College of Resources and Environment, South-Central Minzu University, Wuhan 430074, China)

Abstract The rapid pace of industrialization has led to a significant increase in heavy metal pollution. To effectively
manage pollutants, it is essential to understand their origins, migration patterns, and transformation processes. Passive
sampling technology, known for its efficiency in detecting trace pollutants in situ, has witnessed extensive utilization in
monitoring water pollutants. A custom-developed sampler ChemTRAP based on passive sampling technology was
introduced. Unlike conventional samplers, ChemTRAP utilizes a sieve plate made from microporous material for diffusion
phase filtration, which also provides support for the binding phase. The sampler features a hollow inner cavity structure
which can maximize the surface area in contact with the water flow, thereby enhancing adsorption capabilities. Using
manganese (Mn) and cadmium (Cd) as the target contaminants, the effectiveness of ChemTRAP was demonstrated
through both active and passive water sampling in a laboratory setting. The findings indicated that ChemTRAP achieved
recovery rates between 80% and 110%, a sampling rate of 4 to 7 mL.-d ", and standard addition recoveries ranging from
78.55% to 88.17%. Additionally, the relative standard deviation was less than 15% (n=3), confirming that the sampler
was capable of providing precise in situ quantitative measurements and time-weighted average (TWA) concentrations of
trace contaminants in water.
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Fig. 1 Decomposition of ChemTRAP sampler
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Fig. 2 Adsorption kinetic of analytes by passive samplers
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Fig. 4 Recovery rates for two types of target elements
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Tab. 1 Calculation of sampling rate and spiked recoveries

. LEESELD
ENEIFE S 5 m 5 —

Kyl (pged ™) Co/ (Pl RJ(ml-d") gz /% RSD/%

Mn 0.06229 10 6.23 88.17 12.77

cd 0.04866 10 4.87 78.55 3.28
08 ‘ 20~ 06 25 ~
Mn-Fi#7K Q Cd-FgiK o . -
& 20 ¥
= 04 . F-
Cow /., 15 =
~ i 1 . ~
YL p— 10
= 0.2 _I:]_I &
Ed S
< . ° %
z :
208 - 20 2
5 Cd-FEARK &y
2 s * . (15
=T s
© 304 > 4 10~
o= . 7:_‘ﬁ o
2 2
2 02 5 2
E . 3 . z
) g g
| |

0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
7d #d

€y BB TREA TR T HIVRE 5 C,.,— FRE BT R AT 0
6 W) L S A S SR e 5 0 A Rk T 1 45
Fig. 6 Arrangement of dynamic quantification experiments and sampler deployment of adsorbed mass over time
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Fig. 7 Comparison of contaminant mass on glass fiber membranes with contaminant mass in eluates

34
34.1

BRE#E S FRERIE

SKMEX AR B RAE TR
TEALER AR E B TARIRES T %] 2.2.2 %5 B c & 1)
FRYVBRER WA TINE  LARFIN TR i 5T ik i S i
AepR, MR RAE AR FRZz f bR 2 R Akt
Tt AR RS AL IR SN E 11 kS ], A

3G IR AE IR 25V A B A PR (LOD, pg-mL™),
PL 10 £ 19 b 7 D 22 1 R A % 19 € & R (LOQ,
g -ml ) S I A T R M SC R TE LK 2.
S5 R :Mn 5 CAAERR MG F NG R RAF A
KA B0£%0.9992~0.9998, 72 FEBRTE 0.1~0.3 pg-mlL™
Z (8], REME T L RAE AR 1 /K AR 2 4 A W

K2 MR LA R 2R

Tab. 2 Linearity and limit of detection , limit of quantification

o AHICHE bR
AEICE - o . —— N N
LT LMY/ (pg-mL™) HXFRER LOD/(pug-mL™) LOQ/(pg:mL™)
Mn ¥Y=1.005X-0.062 1~50 0.9998 0.092 0.307
Cd Y=0.990X+0.137 1~50 0.9992 0.027 0.090
342 ZmEEAH ng-mL", Cd Y25 AL IR BR A 5.8 ng-mL™ 5 ixX FEAAT

i 1L % 5 i SR ORI B — 2125 11 (Blank)
VW R 4l B 1) A A AT SRR, SHEsl R
FEE RS — R 14 d. 7655 14 K, 5 HURE R
FEfs— R U 2 18 2.2.2 75 A6 W B 06 108 o A 54
WA Uk B0 T 17 D ARl A =X (4) , DL 6 A5 st [E] A
XU A I 1 S 1 (R B TR Sk 7 L W)y
3AEEHEMACE B ) IR AR A F

Cpyr =6 X Mass,,,, /(R X 1), (5)
30 (5) 145, 4l K Blank 20 Mn #9435 146 H FR 4 8.9

A M3 K IR 5% i & bR fE (Environmental Quality
Standards, EQS) ) 5z I £ tH FR (Mn 10 ng-mL™", Cd
5 ng-mL™)  IERIIZ T Bk BRI I 1 4528 AR KA 1Y) fie
ARRBIR i 0 4y 55K
3.4.3 ARl R 54 R

AR S 2ok 7 T AU Th R AT AR S 5 ok A o
T3 R AR X 2o 08 S B R KA A 100 L
WIEA 1 wg- L BRI (PO Fh 4 S8 IR R it 2500
95— INnkr e BE R 20 ng-mL ™ B INAR AL &, BE 5 Al



852

R B R 24l (AR B2

5 44 %

FHICP-MS #EA TR 43 B . E4R e L35 1, Mn 5 Cd
B IR BRI 34T, ] 3k 70%~80% , AH X A 1
ZHINTF 15% , i RGN BR .

4 45iE

ChemTRAP SRAFEASAE /K R85 W Iy 1 HAT 2 (4
i B B A8 B, R DL F 2K A s )i AF ¥ vk 3
(Cry) B S WM, I HoA T HARA I R , DL RG]
PAXHIR 295 Y W) E A7 2 o T L 7E E s B ARSI
H1, ChemTRAP R A5 B 0215 31 80~110% 115 L)
ISR 7R SN A SE I v, X6 T SRR R 1) a2 2
SIS R4 R R A A 2 R A5 R, SRR S ]
ik 4~7 mL-d. [R5 2 g Bl R 7 78.55%~
88.17% Z [i] , AH X br A 25 /N T 15% , £ 5250 1A
W54 3 T I oK A4 75 GL 1) 1 W i 20 25 A0F 9%
F—J5 1, FIFHBE SRR AR AT LAAE— e R Lk
T T 4 5 | 2 1975 2, Il a8 g v i B e . ik
Ab K RS HADAE R AN, &, 7T AR AT
FAEARMA SIS S EGIET7EAH L, ChemTRAP
SRFER R R R AR PR A Y R AU

SRIMT, ZEAS CHT, ChemTRAP R AE R £ 50 T #E
BIZCA AT AL TR B B, 75 Bk — 2504k AR & [l
W . H AT, X ChemTRAP R AL 7 B BF 5% £ B4 v
EEER L ST LIg By R 2 2 AR R 28y
YWy I [5]  BAF A AR T . [R) IR, SRR B AR B A1 A 7
75 AT B R A B3R ST

£ % X W

(1] F M BREE T A rh 4 Ja A JSORG I 19 JE 2 (T .
WEE 5K, 2020, 32(4) : 148-149.

(2] 14, seibsn, Wied, % BRI ARE RS m Aoy
Ay BOK ISR A [T]. g RG24 (A SR B
SRR, 2023, 42(2): 157-165.

[3] NOVIC A J, O'BRIEN D S, KASERZON S L, et al.
Monitoring herbicide concentrations and loads during a
flood event: A comparison of grab sampling with passive
sampling[ J ]. Environmental Science & Technology, 2017,
51(7): 3880-3891.

[4] BOOIJ K, ROBINSON C D, BURGESS R M, et al. Passive

sampling in regulatory chemical monitoring of nonpolar organic

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

compounds in the aquatic environment | J |. Environmental
Science & Technology, 2016, 50(1): 3-17.
HUCKINS J N, TUBERGEN M W, MANUWEERA G K.
Semipermeable membrane devices containing model lipid: A
new approach to monitoring the bioavaiiability of lipophilic
contaminants and estimating their bioconcentration potential
[1]. Chemosphere, 1990, 20(5) : 533-552.
PETTY J D, HUCKINS J N, ALVAREZ D A. Device for
sequestration and concentration of polar organic chemicals
from water : US6478961[P]. 2002-11-12.
BENES P, STEINNES E. In situ dialysis for the
determination of the state of trace elements in natural
waters| J ]. Water Research, 1974, 8(11): 947-953.
DAVISON W, ZHANG H. In situ speciation measurements
of trace components in natural waters using thin-film gels
[J]. Nature, 1994, 367(6463): 546-548.
GREENWOOD R, MILLS G, VRANA B. Passive sampling
techniques in environmental monitoring[M]. Amsterdam :
Elsevier, 2007.
VALENZUELA E F, MENEZES H C, CARDEAL Z L.
New passive sampling device for effective monitoring of
pesticides in water[J]. Analytica Chimica Acta, 2019,
1054: 26-37.
VERHAGEN R, TSCHARKE B J, CLOKEY J, et al.
Multisite calibration of a microporous polyethylene tube
passive sampler for quantifying drugs in wastewater [ ] ].
Environmental Science & Technology, 2021, 55(19) :
12922-12929.
MAYER P, TOLLS J, HERMENS J L, et al. Equilibrium
sampling devices [J]. Environmental Science & Technology ,
2003, 37(9): 184A-191A.
KIPTOO J K, NGILA J C, SILAVWE N D. Evaluation
of copper speciation in model solutions of humic acid by
mini-columns packed with chelex-100 and new chelating
agents: Application to speciation of selected heavy
metals in environmental water samples [J]. Journal of
Hazardous Materials, 2009, 172(2/3): 1163-1167.
JEVERIA, ABARDE . Chelex 100 i 9 RE K H R FH (T .
LA, 1988, 10(4) : 241242, 245.
WITTMAACK K, KECK L. Thermodesorption of aerosol
matter on multiple filters of different materials for a more
detailed evaluation of sampling artifacts [ J]. Atmospheric
Environment, 2004, 38(31): 5205-5215.
NI A BR A 226 S5k [0 ], AR,
2012(3): 33-34.

(BEHm&REFT x14l)



