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This study focused on improving the adsorption efficiencies of organic micropollutants, such as polychlorinated
biphenyls (PCBs) and polybrominated diphenyl ethers (PBDEs) using a passive water sampling device (PWSD)
in a marine environment during summer. Two factors were considered when increasing the adsorption efficiency
by improving the sampling rate (Rs) of PWSDs for target PCBs and PBDEs: 1. Controlling the invasion of the
sticky organisms that cause biofouling by tearing the semipermeable membrane device (SPMD) inside the PWSD
canister; 2. Preventing various suspended solids from clogging the PWSD pores. To resolve these problems, two
types of enhanced PWSD samplers were devised, namely a round prest-type PWSD canister with zooplankton
netting (netted), and a copper-coated prest-type PWSD canister. Copper is generally toxic to marine organisms.
The netted and copper-coated PWSD samplers were deployed in Masan Bay and Ulsan Bay and their adsorption
efficiencies for PCBs and PBDEs were compared with that of the prest-type PWSD sampler. The copper-coated
PWSD had an Rs 1.5~1.8 times higher than that of the netted and prest-type PWSDs. A comparison of the adsorp-
tion amount of PCBs and PBDEs showed similar results, and copper-coated PWSD adsorbed more target com-
pounds than the netted and prest-type PWSDs. The adsorption patterns of PCB homologues were similar
regardless of the sampling site and sampler type, but those of PBDE homologues in the netted and prest-type
PWSDs deployed in Ulsan Bay were somewhat different from the others. By comparing the adsorption amounts
of PCB and PBDE homologues according to the octanol-water partition coefficients, it was found that the copper-
coated PWSD adsorbed more PCBs and PBDEs than the netted and prest-type PWSDs, especially high molecular
homologues. Based on these results, the copper-coated PWSD could be used to effectively prevent the biofouling
of the SPMD membrane and clogging of the PWSD canister during both summer and winter.
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Fig. 1. The retrieved prest-type samplers in Masan (1-1) and Ulsan (1-2) bays and the biofouled SPMD membranes of

preliminary study in summer season.
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Fig. 2. The deployed three types of PWSD samplers (2-1: left, prest-type; center, copper-coated type; right, netted type) and
retrieved three types of PWSD samplers (2-2: left, prest-type; center, netted type; right, copper-coated type).
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Fig. 3. Locations of PWSD-deployed sites in Ulsan (upper) and Masan (lower) bays.
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Table 1. Instrumental conditions for PCBs and PBDEs analyses by HRGC/HRMS

Conditions

BDEs(tri- to hepta-) BDEs(octa- to deca-)

PCBs
Column DB-5MS (60 m length * 0.25 mm LD.
* 0.25 pm film thickness)
Carrier gas He (99.9999%) at 1.2 mL/min

Injection Temp. 280°C

HRGC 7
Injection mode

Oven Temp.
program

100°C (4 min) — 20°C/min —
180°C (10 min) — 2°C/min —
220°C — 3°C/min — 300°C (6.33 min) 10°C/min — 320°C(5 min)

DB-5HT (15 m length * 0.25mm ILD. * 0.10 um
film thickness)
He (99.9999%) at 1.0 mL/min
310°C 280°C
Splitless, 2 pL injection
100°C(5 min) — 40°C/min

L
— 200°C(5.5 min) — 100°C(T min) =

25°C/min — 320°C(5 min)

Interface Temp. 270°C
Ionization mode
Ionization voltage 38eV

Accel. voltage
Resolution
Detection mode

300°C 270°C

Electron impact ionization

30 (octa- to deca-) / 38 (tri~ to hepta~) eV
10 kV
> 10,000

Selected ion monitoring
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Table 2. PWSD sampling information using PRC in Masan (MS) and Ulsan (US) bays in accordance with PWSD sampler
types (P, prest-type; N, netted type; C, copper-coated type)

MS-P MS-N MS-C US-P US-N uUs-C
Sampling period (day) 28 28 28 28 28 28
Temp. in sampling period (C) 20~26 20~26 20~26 14~27 14~27 14~27
PRCs recovery (%) 71 85 83 57 75 68
Rs, sampling rate (L/day)’ 3.8 3.5 5.6 5.9 s5.1 8.8
Strength of turbulence? Moderate Moderate  Strong Strong Strong Strong
Visual biofouling of SPMD membrane Light Light Light Middle Light Light

ISPMD water conc. Estimator v3-1, USGS??

erweij et al. (2004) (L, Low < 3; 3 < M, Moderate < 5; S, Strong > 5)*
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Fig. 4. The adsorption amounts of PCBs and PBDEs in
Masan (MS) and Ulsan (US) bays in accordance
with PWSD sampler types (P, prest-type; N, netted
type; C, copper-coated type).
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