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environmental factors that influence the environmental fates of pharmaceuticals and personal care
products (PPCPs), this study employed a combination of field sampling and high-precision analysis
to systematically investigate the spatiotemporal distributions, partitioning behavior, and ecological
risks of 15 nonsteroidal anti-inflammatory drugs (NSAIDs) and preservatives in the seawater and
offshore sediments of Yantai and Weihai. The results showed that the total mass concentrations of
the 15 compounds ranged between 2.31 and 662.31 ng/L in seawater, and between 57.11 and 131.09
ng/g in sediments. Among them, antipyrine (PHZ), fenoprofen (FPF), and methylparaben (MPB)
were the major pollutants in seawater, whereas ibuprofen (IBU) and ketoprofen (KPF) were
dominant in sediments. Higher concentrations of PPCPs were observed in the summer, which closely
mirrors their usage patterns and human activities during the summer and peak tourist seasons in
Yantai and Weihai City. MPB, IBU, PHZ, and FPF exhibited average mass concentrations of 30.16,
15.15, 3.27, and 3.81 ng/Li, respectively, in the summer. Regarding the spatial distributions of these
compounds, the seawater collected from the Bohai Sea exhibited a higher total PPCP concentration
than that in the Yellow Sea in spring and winter, whereas the reverse was observed in summer.
Additionally, the total PPCP concentrations in surface and bottom seawater showed no significant
seasonal differences. Sediment in the Yellow Sea was found to contain a higher total PPCP con-
centration than that in the Bohai Sea sediment. Ethylparaben and propylparaben exhibited sediment-
water partitioning coefficients of (3.99+0.95) and (3.80+0.57) cm’/g, respectively, which are higher
than their corresponding theoretically predicted values from EPISuite model, indicating the com-
plexity of pollutant partitioning behavior between sediment and water in real environments. In terms
of ecological risks, total risk quotient (RQ,) values revealed that PPCP mixtures are likely to pose
low risks to algae, crustaceans, and fish in the study area. In addition, while crustaceans exhibited
a higher RQ, value for PPCP mixtures than algae or fish, the differences were not significant. To
identify whetherigh-risk pollutants existed in the study area, the prioritization index (PI) of each
individual PPCP was calculated. The target PPCPs were found to have PI values of zero and were
consequently classified as safe pollutants. Nonetheless, continuous attention needs to be paid to the
levels and risks associated with multiple PPCPs in the marine environment, in view of the relative
scarcity of studies.

Key words: pharmaceuticals and personal care products (PPCPs) ; spatial-temporal distribu-

tion; sediment-water partitioning coefficient; ecological risk assessment
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Fig. 1 Study area and sampling sites
The figure was generated using ArcGIS 10.8.
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Table 1 List of the 15 target pharmaceuticals and personal care products (PPCPs) for this study

Type Compound Abbreviation CAS No. Molar mass/( g/mol) Solubility“w( mg/L)
Non-steroid anti- ibuprofen IBU 15687-27-1 206.3 2.10x10
inflammatory paracetamol PTL 103-90-2 151.2 1.40x10*
drug (NSAIDs) propyphenazone PPZ 479-92-5 230.3 2.40%10°

ethenzamide EZM 938-73-8 165.2 1.41x10*
phenazone PHZ 61-68-7 241.3 5.19%10*
naproxene NPX 22204-53-1 230.3 1.59%10
indomethacine IND 53-86-1 357.8 9.37x107!
fenoprofen calcium dihydrate FPF 53746-45-5 522.6 3.01x10
ketoprofen KPF 22071-15-4 254.3 5.10x10
Preservative methyl paraben MPB 99-76-3 152.2 2.50%x10°
ethyl paraben EPB 120-47-8 166.2 8.85%10?
propyl paraben PPB 94-13-3 180.2 5.00x10?
butyl paraben BUT 94-26-8 194.2 2.07%x10?
heptyl paraben HPB 1085-12-7 236.3 2.00x10
benzyl paraben BPBen 94-18-8 228.3 1.08x10?
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Table 2 MS/MS parameters of the target PPCPs and internal standards

Compound Parent ion (m/z) Daughter ions® (m/z) DPs/V EPs/V CEs/eV CXPs/V Mode
IBU 205.0 159.0/161.0 =50 -10 -9/-12 -2 ESI
PTL 152.0 110.0 61 4.5 21 4 ESI*
PPZ 231.0 56/189 86 11 49/38 4 ESI*
EZM 166.0 121.0/149.0 31 9.0 25/15 4 ESI*
PHZ 189.0 77.3/146.6 61 4.5 40/30 4 ESI*
NPX 229.1 169.0/185.0 -40/-30 =7.5 -41/-15 -2 ESI
IND 358.0 139.0/174.0 61 4.5 27/19 4 ESI”
FPF 241.0 93.0/196.9 -13/-15 -3.0 -47/-12 =3/-7 ESI
KPF 253.1 197.0/209.0 =26 -5/-8 -10/-10 -9 ESI
MPB 150.9 91.3 -49 -10 =28 -10 ESI
EPB 165.1 137.0/92.1 -92/-94 -10 -18/-31 =7 ESI
PPB 178.9 136.0/91.8 -102/-98 -7.5 -21/-30 0 ESI”
BUT 192.9 92.1/136.0 -94 -6.0 -32/-23 -6/-4 ESI”
HPB 235.0 137.0/92.1 -109 -10 -25/-41 -4 ESI”

BPBen 227.0 136.0/92.0 -100/-97 -2.0/-3.0 -21/-31 -4/-6 ESI”
MBP-"C, 157.0 98.1 49 -10 -28 -10 EST

a: quantitative ion/confirmation ion; DP: declustering potential; EP: entrance potential; CE: collision energy; CXP: collision cell

exit potential.
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Table 3 Chronic toxic data and predicted no-effect concentrations of the targeted PPCPs for aquatic organisms

Compound Taxonomic group Endpoint Toxic data/( pg/L) Toxicity AF PNEC/(ng/L)
BUT algae NOEC 2.30x10° chronic 10 2.30%10°
BUT crustaceans NOEC 7.06x10° chronic 10 7.06%10*
BUT fish LOEC 8.76x10° chronic 10 8.76x10*

BPBen algae LOEC 1.95x10° chronic 10 1.95x10°
BPBen crustaceans NOEC 5.55%107 chronic 10 5.55%10*
BPBen fish NOEC 6.50%x10° chronic 10 6.50%x10*
EZM algae LOEC 8.23x10* chronic 10 8.23x10°
EZM crustaceans LOEC 6.17x10* chronic 10 6.17x10°
EZM fish NOEC 1.46x10° chronic 10 1.46x107
EPB algae NOEC 7.68%x10° chronic 10 7.68%10°
EPB crustaceans LOEC 3.27x10° chronic 10 3.27x10°
EPB fish LOEC 5.13x10° chronic 10 5.13x10°
FPF algae NOEC 1.57x10" chronic 10 1.57x10°
FPF crustaceans NOEC 4.19%10° chronic 10 4.19%10°
FPF fish LOEC 4.68%x10° chronic 10 4.68x10°
HPB algae LOEC 3.61x107 chronic 10 3.61x10*
HPB crustaceans LOEC 6.80%10" chronic 10 6.80%x10°
HPB fish LOEC 5.90%x10" chronic 10 5.90x10°
IBU algae LOEC 1.56x10" chronic 10 1.56x10°
IBU crustaceans NOEC 4.31x10° chronic 10 4.31x10°
IBU fish NOEC 4.94x10° chronic 10 4.94x10°
IND algae NOEC 1.48x10* chronic 10 1.48%10°
IND crustaceans NOEC 3.54x10° chronic 10 3.54x10°
IND fish NOEC 3.66x10° chronic 10 3.66x10°
KPF algae NOEC 5.77x10* chronic 10 5.77x10°
KPF crustaceans LOEC 2.07%x10* chronic 10 2.07x10°
KPF fish LOEC 2.88x10* chronic 10 2.88x10°
MPB algae LOEC 1.39x10" chronic 10 1.39x10°
MPB crustaceans LOEC 6.96x10° chronic 10 6.96x10°
MPB fish LOEC 1.23x10* chronic 10 1.23x10°
NPX algae LOEC 4.53x10* chronic 10 4.53x10°
NPX crustaceans NOEC 8.20x10* chronic 10 8.20x10°
NPX fish NOEC 2.13x10* chronic 10 2.13x10°
PPZ algae NOEC 1.96x10" chronic 10 1.96x10°
PPZ crustaceans NOEC 9.64x10° chronic 10 9.64x10°
PPZ fish LOEC 1.68x10" chronic 10 1.68x10°
PHZ algae LOEC 1.21x10° chronic 10 1.21x107
PHZ crustaceans LOEC 9.62x10* chronic 10 9.62x10°
PHZ fish NOEC 2.38%x10° chronic 10 2.38%x10’
PPB algae NOEC 4.21x10° chronic 10 4.21x10°
PPB crustaceans LOEC 1.52x10° chronic 10 1.52x10°
PPB fish LOEC 2.13x10° chronic 10 2.13x10°
PTL algae LOEC 1.52x10° chronic 10 1.52x107
PTL crustaceans NOEC 1.35%x10° chronic 10 1.35%107
PTL fish NOEC 3.61x10° chronic 10 3.61x107

AF: assessment factor; PNEC: predicted no-effect concentration; NOEC: no observed effect concentration; LOEC: lowest ob-
served effect concentration.
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Fig. 3 Seasonal variations of the mass concentrations of the target PPCPs in seawater
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Fig. 4 Spatial distribution of total PPCP contents in surface, bottom seawater and sediment in different seasons
The figures were generated using ArcGIS 10.8.
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Numbers on the boxes represent significant levels between the surface and bottom seawater.
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