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Figure 1 The passive sampler of atmospheric microplastics

kb (37°28'21.53"N, 121°26'29.49"E), HEESHH & 10+ B
VR VS (O IRF 3R 240 1.6 kmy $2 215 43 46201443 H 1
H~6H24H, 6 H25H~8H20H, 8 H21H~12H8H I
12H9H~20154E3 3 H, W 1 4/ i) i) Bt 1Y 2 il
SR KA DT RRE R R S, LK & 4y 51 o 1375,
2185, 9701555 mL, KRFALKE . B . ML
ZAT.

(i) RATTRERE G P R B A . ik
LB A FE S IEAT 43 B AL, 435 3 B AE Dris S5 A1)
D7 VE R F PR T T8 s, B Bl FLARS
A1 mm B AN A 07 P T A 8 (K12). il o FLAES mm
BB FBRS mmd b A KB Z 5 (Fan, B Ak
IRSE), i EFEER; AR 1 mm AN L A5k

Y, W15 & TR 45 (Nikon SMZ1270, H
AU, P A [R50 00 BE L BB kL, Beit 12,
2~3F13~5 mmA/NAY RO EL; XTI S <]l mm
FES, HRIESEE, S umfLAR A RS RR 4T 4 X 1k
f(Whatman AE9S8, & [E)idyE, AR, K+ )57E
PR S B T W, Bk AN B T EE /N ) 8 R (<50
um, 50~100 pm, 100~200 pum, 200~300 pm, 300~400
um, 0.5~1 mm). B TR ENREME, RXEHH
I <50 pumP s RE, B doxfE DL geit. 7E i g
R, KR ZE(3~6 A )W AR BT REAE f (R AS)
KAHS:, b7 TR e Pk, FH30%8 M
A B R TIH A (70°C, 6 h), REERTE )R,
P DR BT p8 AN Sk ph ks SR DE R, KT S, 78
PR AEE NPk, e LR, (R AT AR
e ik e Tt E 0, AiRE T
25 X IR, DAPEAR B i B v nT BT A G T IR
B, TEZS R HRAE Hh, S8 S I B (U B ) A A7 A
(i) TIBRHE SR 5. B IR B0 BE 0
BRI, RGBSR | Bk T 35, M
PEHUR R MEARE N, 12 R a4 S A FE i 21 A1 6 1%
{(NICOLET 1S5, & [E)F i i (o B it 21 A0 S i A
(BRUKER LUMOS, f&[H), 454G 4nifEi &l (Hummel
Polymer Sample Library; HR Nicolet Sampler Library)
HEATUCHL A3 AT, S TR R oy, [ HERR AR SR
FEfh. RS R, R RIS BRI L s

&

€3

// L
DA

>5mm

%wxm%ﬁ[

7N mam

K& '

1~5 mm l

R

U0

)

<1 mmBY 55 q

N

«@

;_',nu

SIS N .'r.
> THEw

T |

i

Bl 2 (I8RO () R TR RO R i 20 B TR 5 O 16

Figure 2 (Color online) Methods and procedures used for separation of microplastics from the atmospheric precipitation samples
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Figure 3 The different shape types of microplastics in the coastal
urban atmosphere. (a) Fibers; (b) fragments; (c) films; (d) foams
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Figure 5 Examples of ATR-FT-IR spectra of microplastics with various shape types in the coastal urban atmosphere. (a) Fibers, PET; (b) fragments,
PE; (¢) films, PVC; (d) foams, PS
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Figure 6 The abundance percentage (%) of various size classes of microplastics in the coastal urban atmosphere and their changes with seasons

RAGIBR AT A R HGE Y. DrisfF NPIE R4, AR 28 IR RIS OB kL, X
B B X R R IX R A LI B 1) RAT - e okt 2 N ARG — il EAT — 3L ] SR TE e A 12
T AR 9F 5 2 5 T T A 65 T X AR LI BN A AL AR, R AE R R G T, 2R RSB R o

3905



% b B O 2007THE11P £62% H33H

700
6001
< 5001
¥ 400
% 300-
% 200 1
£ 1004 |
0

£ (“Nm’d)

5 E: WE =T
BT T kR P RO R B S b2 5

Figure 7 Differences in deposition fluxes of microplastics in the
coastal urban atmosphere among seasons
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Figure 8 The changes in deposition flux among various types of microplastics in the coastal urban atmosphere with seasons
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Table 1 Comparisons of atmospheric deposition fluxes of microplastics among studies
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Various forms and deposition fluxes of microplastics identified
in the coastal urban atmosphere
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of Sciences, Yantai 264003, China;
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* Corresponding author, E-mail: ymluo@yic.ac.cn

Pollution by microplastics has become a major global issue affecting the marine environment. However, there has been
little research on microplastics in the atmosphere. Here, we study microplastics in precipitation samples collected in
Yantai, a coastal city in Shandong Province, East China. This paper is the first report on the different shapes, deposition
fluxes and seasonal variation in microplastics in the coastal urban atmospheric environment. The samples collected were
pre-filtered using a set of stainless steel sieves with mesh sizes of 5 and 1 mm. Residues, such as insects and plant debris
retained on a stainless steel sieve of mesh size 5 mm were discarded or archived. Residues retained on a stainless steel
sieve of mesh size 1 mm were air-dried and placed under a stereomicroscope to select and count putative microplastics
with different morphologies and different size fractions of 1-2, 2-3 and 3-5 mm. Samples that had passed through a mesh
size of 1 mm were filtered again using a 5-lum pore size nitrocellulose filter for further microscopic observation and the
selection and enumeration of smaller microplastics. Some of these samples containing organisms were digested with hy-
drogen peroxide (30%) to avoid interference during the observation and selection of the microplastics. Putative micro-
plastics were identified using Fourier transform infrared spectroscopy.

Four shape types of microplastics, namely fibers, fragments, films and foams were found in the atmospheric samples.
The majority were fibers of different colors (white, black, red and transparent) that accounted for about 95% of the mi-
croplastics. Fragments accounted for about 4% and films and foams accounted for fewer than 1%. The main polymers
were polyethylene terephthalate in the case of most of the fibers, polyvinyl chloride in the case of some fibers and films,
polyethylene for the fragments, and polystyrene for the foams. Microplastics with sizes below 0.5 mm accounted for
more than 50% throughout the year, followed by the size ranges 0.5-1 mm, 1-2 mm and then 2-3 mm. Microplastics
with size range of 3-5 mm appeared only in the spring samples at low abundance. In general, the amount of microplastics
decreased dramatically with increasing particle size. The 100-300 wm size fraction formed the highest proportion of mi-
croplastics below 0.5 mm in size, accounting for about 62%, and those below 50 wm showed the lowest abundance.

The annual site deposition flux of atmospheric microplastics attained a maximum of 1.46x10° n/(m” a), that of the fi-
bers up to 1.38x10° n/(m” a), and those of the fragments, films and foams up to 6.29x10°, 7.65x10* and 2.45x10” n/(m’
a), respectively. Deposition fluxes of different shape types ranged from 0.0 to 6.02x10* n/(m? d), and the fibers were also
the commonest of the four shape types. The deposition flux of microplastics showed some seasonal variation, being
higher in the spring, summer and winter and lowest in the autumn. Based on the observation site (1.6 km from the coast-
line), the length of Yantai urban coastline (100 km) and the annual deposition flux in this study, it was estimated that the
total number of microplastics deposited in the urban area was about 2.33x10" particles, equivalent to about 0.9 to 1.4
tonnes. We suggest that atmospheric microplastics, through precipitation to land and sea, be a key source of microplastics
in the coastal and oceanic environments. Moreover, a systematic study is urgently required in the future for a better un-
derstanding of pollution and precipitation of atmospheric microplastics and their environmental impact.

microplastics, coastal city, atmospheric environment, shape types, deposition flux, seasonal variation
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3909




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 650
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


