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Abstract

Wastewater treatment plants (WWTPSs) can offer atiswol to reduce the point source input of
microlitter and microplastics into the environmeht. evaluate the contributing processes for
microlitter removal, the removal of microlitter frowastewater during different treatment steps of
mechanical, chemical and biological treatment yattid sludge) and biologically active filter

(BAF) in a large (population equivalent 800 000yatted WWTP was examined. Most of the
microlitter was removed already during the prettresnt and activated sludge treatment further
decreased the microlitter concentration. The oVesgntion capacity of studied WWTP was over
99% and was achieved after secondary treatmenteiMewdespite of the high removal
performance, even an advanced WWTP may constitcbmsiderable source of microlitter and
microplastics into the aquatic environment gives lrge volumes of effluent discharged
constantly. The microlitter content of excess siydiyied sludge and reject water were also
examined. According to the balance analyses, appeigly 20% of the microlitter removed from
the process is recycled back with the reject wathereas 80% of the microlitter is contained in the
dried sludge. The study also looked at easy miteolsampling protocol with automated composite

samplers for possible future monitoring purposes.

Key words: WWTP, microlitter, microplastics, waseger, sludge, reject water, microlitter budget
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1. Introduction
Litter has become a serious problem in aquaticrenments worldwide. Litter includes both
organic and inorganic materials like glass, metalsber, wood, paper, textiles and, for the most,
plastics (OSPAR 2014). Microlitter comprises litgarticles smaller than 5 millimetres. Microlitter,
and particularly its plastic subtype, microplastitas received considerable attention over the past
decade (Thompscet al. 2004, Barnest al. 2009, Ladewiget al. 2015). Microplastics are of
concern because of their durability and potentidid transferred within food webs (Ceteal.
2013, Setal&t al. 2014). Microplastics may cause mechanical siven ingested, but also expose
marine organisms to various hazardous substaneds as plasticizers (Friesal. 2013), toxic
metals (Rochmast al. 2014) and persistent organic pollutants (POP®)s(@& al. 2010, Chuat al.
2014). These micropollutants are either addeddgtastics during production or adsorbed from
the surrounding water (Teutehal. 2009). In aquatic environments, microplastics @ksio function
as artificial “microbial reefs” and transport nardigenous and possibly harmful species (Zetter
al. 2013). In addition to microplastics, also nontkgtic textile fibers has been proposed to have

potential to transport chemical pollutants througitbhe aquatic environment (Ladevegal. 2015).

Microlitter consists of primary and secondary paes. Primary particles are intentionally
microscopic in, e.g microbeads in peeling lotiond extile fibers, while secondary microlitter is
fragmented from larger particles (Barretsl. 2009). Both aquatic and land-based sources have
been identified contribute to the amount of liitemarine environments (Laet al. 2010). Land
base sources include public littering, poorly mathandfills, riverine transport, stormwater and

untreated municipal sewage.

Recently, wastewater treatment plants (WWTPSs) lees suggested to act as one of the land base
sources or entrance routes for microlitter to tipgssic environment (Magnusson & Norén 2014,
Talvitie et al. 2015, Murphyet al. 2016). First studies have shown that microliten be efficiently

(> 98 %) removed from the wastewater during thetexmater treatment (Magnusson & Norén
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2014, Caret al. 2016, Murphyet al. 2016). However, treated effluents still contaiicnolitter
particles like plastic microbeads from toothpastd textile fibers (Brownet al. 2011, Talvitieet

al. 2015, Caret al. 2016).

As vast volumes of effluent waters are dischargedinuously into aquatic environments globally
and the amounts are expected to grow due the papulzrowth and urbanization (UN Water

2015), the role of WWTPs as an entrance route ofatiiter to aquatic environments may be
significant. At the same time, WWTPs can offer $olus to reduce the input of microlitter into the
environment. Despite of this potential, very liitention has yet been drawn to the actual removal
of microlitter during different type of wastewategatment processes. Here we report detailed data
on the removal of microlitter during different tteeent steps in a large (population equivalent

800 000) advanced WWTP. The balance of microlittd/WTP were estimated to further evaluate
the removal and distribution of microlitter duritige treatment processes. Also, the effect of
microlitter size and shape on their removal inetiéht treatment steps were determined. The further
objective of this study was to establish an easyst® protocol for monitoring of WWTPs. In the
end, we report the evaluation of microlitter anamoplastic load discharged into the marine

environment with effluents.

2. Materials and Methods

2.1Description of the selected WWTP

Selected WWTP (Viikinmaki, Helsinki Region Enviroental Services Authority, HSY) is the
largest wastewater treatment plant in Finland &ed\ordic Countries, treating the wastewaters of
ca. 800,000 inhabitants in the Helsinki metropalitgea. An average of 270 000 cubic meters of
treated wastewaters are discharged from the WWiRPaiiGulf of Finland, Baltic Sea every day.
The treatment process in Viikinméaki WWTP is basadiotivated sludge method and has multiple

treatment steps based on pre-, chemical- and livalogeatment. The nitrogen removal has been
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enhanced with a tertiary denitrifying biologicdtdr. In 2015, 95% of organic material (B@D
98% of suspended solids (SS), 95% of total phogEh@?-tot) and 90% of total nitrogen (N-tot)

were removed during the treatment process of tleeteel WWTP.

Pre-treatment includes coarse screening (10 mihyegnoval, chemical treatment and primary
sedimentation. In order to remove phosphorus, isrsulphate is dosed in the sand removal prior
to secondary clarifier. In biological treatmentdegradable matter and nitrogen are removed from
the wastewater with activated sludge method. Attvaludge process includes aeration tanks and
secondary clarifiers. Hydraulic retention time lie fprocess is approximately 25 hours and sludge
retention time varies between 6 — 12 days. Most@factivated sludge is recycled from secondary
clarifiers into the aeration tanks as return a¢éigissludge but part of it is also continuously
removed from the process. This excess sludgeusyed to primary sedimentation and sent to
sludge treatment together with raw sludge. Thegén removal is further improved in tertiary
treatment process with biologically active filt&AF). During the BAF process, wastewater flows
through tightly packed polystyrene beads. The bpanlgde a surface for micro-organisms to
attach and grow. While growing, they consume omamaterial as well as phosphorus and convert

nitrates to nitrogen gas.

Viikinméki WWTP has also a solids handling treatmérganic matter in the sludge is
anaerobically digested to produce biogas, i.e. amttand consecutively used for the plant’s own
energy consumption. After the digestion, sludgdeiwatered with centrifuges. For dewatering, the
sludge is conditioned with flocculation chemicalyaxrylamide (PAM). PAM induces a release of
the water during dewatering by enhancing the aggieg of sludge particles into larger particle
groups called flocs. Dewatering generates rejetérvavhich is conducted via a settling tank into
the beginning of the wastewater treatment process.dried sludge is processed further in
composting fields and used in green constructitve. lant produces annually around 60,000

tonnes of dried sludge which has a dry solids @@®tent of 29 %.
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2.2 Sampling methods

The samples were collected from the plant influafier pre-treatment, after the activated sludge
(AS) process, plant effluent, excess sludge, reyater and dried sludge (SD fig. S1). Sampling
was carried out during a seven-day period 14.9.9.2015 with three different sampling methods;
grab sampling (here meaning one sampling occasiarcertain time), 24-hour composite sampling

and 24- hour sequential sampling (Table 1.).

Table 1. Sampling methods (grab sampling, 24h caitgpsampling, 24h sequential sampling),

sampling locations (wastewater, sludge) and samplays.

Monday Tuesday | Wednesday | Thursday | Friday Saturday | Sunday

14.9.2015 | 15.9.2015 | 16.9.2015 | 17.9.2015 | 18.9.2015 | 19.9.2015 | 20.9.2015

Grab X X X
sampling

(wastewater)

Grab X
sampling

(sludge)

Grab X
sampling

(reject water)

24h composite X X X
sampling

(wastewater)

24h sequential X
sampling

(wastewater)
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2.2.1 Grab sampling of the wastewater and sludge

Grab samples from wastewater were collected froch eampling site in water process. Three
replicates (n = 3) were taken from each samplestgp@asecutively. Sampling was done by
pumping water from the wastewater stream was (@thdel m) onto the designated filter with an
electric pump (Biltema art.17-953). Filtering sptpreviously designed for microplastic sampling
in wastewaters was used (Talvitieal. 2015). The respective filter mesh sizes were 200,and
20 pum, giving size fractions of > 3@®n, 100 — 30@um and 20 — 10Qm (SD fig S2). The volume
of each sample (Table 2.) was measured with afh@ter (Gardena Water Smart Flow Meter)
attached to the pump. This volume of filtered walepended on the water quality and filter size.

The volumes of replicate samples differed, sineawhter quality varied.

This sampling method is not applicable for influesatter due to its high amount of organic material
which rapidly clogs the filters allowing only smalhter volumes to pass. For the influent sampling
a metallic beaker to collect water from the wastewatream surface was used and the samples

were later filtered in laboratory with the saméefilset up.

Samples from the excess sludge and reject water eadlected with the same method as influent
samples, while dried sludge was collected by haémas the conveyor belt after dewatering

process. All sludge and reject water samples wiaiged into pre-cleaned plastic containers and
transported into the laboratory for filtering. Téladge and reject water samples were diluted before
filtering by mixing subsamples of wet sludge (1rgjareject water (10 gram) and dry sludge (0,2
gram) with 1 liter of tap water. Diluted sludge amegect water samples were then filtered with the
filtering device as the wastewater samples. Detditlifferent samples are presented in table 2. To
prevent contamination during the sampling, all pmént was rinsed carefully with tap water prior

to sampling.
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Table 2. The sample volumes/weights with samploogiions and mesh sizes of the filters

Sampling sites sample olume/weight sample olume/weight sample olume/weight
300 um filter 100 um filter 20 um filter

Influent 0.11 0.11 011

After pre-treatment 50 — 333 | 7-101 051

after AS 200 — 333 | 20-301 11

Effluent 1000 | 100 | 21

Excess sludge 12ml=1g 12ml=1g 12ml=1g¢g

Dry sludge 0.2¢ 02¢ 02¢

Reject water 10ml=10g 10ml=10g 10ml=10g

2.2.2 Composite sampling

24-hour composite samples were collected fromitals sn water process (Table 3.). Composite
samplers (ISCO 3700) in each sampling location ftmk proportional, discrete samples at regular
15 min. intervals over 24-hour period of time. Hanples were collected into plastic containers
placed in refrigerators. Both, the containers aidgerators were carefully cleaned prior to
sampling to avoid contamination from room dust.riithe containers, samples were poured into
the filter device using a measuring glass. Sampliag performed three times during the week;
Tuesday, Thursday and Sunday (Table 1.). To agpssssble contamination, blank samples of tap

water were used as controls following the same austlogical procedure as the actual samples.



149  Table 3. The 24-hour composite sample volumes séthpling locations and mesh sizes of the

150 filter.
Sampling site sample volume witl  sample volume witl  sample volume witl
300 pm filter 100 pm filter 20 pm filter
Influent 0.11 0.11 0.11
After pre-treatment 13.2 —14.51 8.5-10.51 0.51
After AS 11 -1451 11-1451 11
Effluent 10.5-13.51 10.5-13.51 21
Control 14.51 1451 21
151
152 2.2.3 Sequential sampling

153  Influent and effluent sampling were performed sitmokously with automated samplers (ISCO
154  3700). The samplers took 24 samples at 1-houniakeAfter sampling, 3 samples (3 hours) were
155  pooled together, resulting 8 samples per samplingavoid contamination, the bottles and the
156  samplers were cleaned carefully before the samplihg sampler device formed a closed system
157  for entire sampling period. After the sampling,ttest were immediately closed until filtering.

158  Control samples prepared of tap water were predarvpre-cleaned bottles in the sampler for 24-

159  hours and treated the same way as the actual dejsamples.

160 2.3 Analyses of microlitter

161 2.3.1 Analyses with stereo microscope

162  All the filtered samples were stored in clean Pdishes. Samples were visually examined using a
163  stereomicroscope (Fiberoptic-Heim LQ 1100, magnificex50), light projected from above to get

164 good image of surface structure of microlitter jgéet. The particles were counted, divided into
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fibers, fragments, flakes, films and spheres ami ttoloration documented. The morphological
properties of the particles were inspected withroteeezers to exclude soft, easily disintegrating
organic materials. Organic litter like food scrapsl paper (cellulose), were excluded from the
examination. To detect possible contamination dutiansport and microscopic analyses, three

control samples were carried along during the serg@h the WWTP.
2.3.2 Material identification of microlitter

The chemical composition of microlitter particlesrh effluent samples were analysed with
imaging Fourier Transform infrared spectrometerl &)Y (Spectrum Spotlight 300, PerkinElmer,
Waltham, MA, USA). All together three effluent saleg one replica from each day (Monday,
Wednesday and Saturday) were chosen for analysksllangether 752 particles were included
into the analyses. Particles were hand-sorted thanfilters with fine tip tweezers under the
stereomicroscope and carefully rinsed with distilleater to remove organic matter that was
attached to them. Rinsed particles were placed om8e windows designed for FTIRiI microscopy
and let to dry for few hours. Each sample windove whotographed with the FTIRi and particles
identified from the picture. The particles were es@d one by one to infrared radiation in wave
length region of 700 - 4000 ¢husing single point transmission mode. To anallsespectra
obtained with FTIRI, the Thermo Scientific™ HumniRaglymer and Additives FT-IR Spectral
Library was used. The materials of textile fibeex@analyzed with textile fiber library made
ourselves from pure model fibers (purchased fromtilldniversity of Applied Sciences, Faculty of
Technology) (SD fig. S3 — S10). The model fiberduded cotton, wool, linen, silk, viscose,

polyester, polyacryl, polyamide, and polypropeherfs.
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2.3.3 The data analyses

The removal of microlitter during different treatmesteps were statistically analyzed using analysis

of variance (ANOVA).

For the microlitter balance analyses, the averaigeotitter flow was calculated by multiplying the
average microlitter concentrations with the coroesjfing average flow along each wastewater

treatment step. The equation can be expressed as:
ML=QC

ML (microlitter %) is the flux of microlitter and Q (Ld) is wastewater, reject water or sludge
flow. C (ML L™) is the average microlitter concentration measinege wastewater, reject water

or sludge.
The retention capacity of microlitter in WWTP wasdaulated as:

([Influent] —[Effluent] / [Influenf) x 100

3. Results and Discussion

3.1Grab sampling of wastewater and sludge

Most of the microlitter particles (97.4% - 98.4%¢ne removed already during mechanical and
chemical pre-treatment phase (table 4). Duringtgratment, microlitter concentrations decreased
significantly in all three sampling occasions (MagdF = 190.668 > 7.709; P < 0.05, Wednesday:
F=14.246 > 7.709; P < 0.05 and Saturday: F =8 >67.709; P < 0.05). This finding is consistent
with previous studies examining the removal of wlitter during wastewater treatment processes
(Talvitie et al. 2015, Caret al. 2016, Murphyet al. 2016). Pre-treatment in Viikinmaki WWTP
includes screening, grit removal and chemicallyagrded primary sedimentation. Purpose of the

treatment is to remove grit, particulate matergsvell as phosphates and colloidal matter from the

10



211 wastewater. According to our results, these teclesgemove efficiently also microlitter. In
212 influent, majority of microlitter particles are grably attached to grit and larger particles and

213 removed from the wastewater along with them.

214  Concentration continued to decrease significarilg during AS process, except on Wednesday
215  when the variation between the replicates wereagothat although microlitter was clearly

216 removed to a lower level, the result was insigaificwith P-value 0.05 (Monday: F = 7.966 >

217  7.709; P < 0.05, Wednesday: F = 7.472 > 7.7090105, Saturday: F = 42.097 > 7.709; P < 0.05).
218  Together AS process further decreased the mi@pbtincentration in rang@% - 20% (table 4).

219  During the treatment, microlitter particles are edxwith flocs and settled into the sludge during

220 secondary sedimentation. Small part of the mitteslihowever, escapes the treatment.

221 According to our results, the tertiary treatmeim)dpically active filter (BAF), didn’t decrease

222  microlitter concentration (table 4). The main puspof BAF in Viikinmaki WWTP is to remove
223 nitrogen from the wastewater but according to tediminary study (Talvitieet al. 2015) the

224  filtering effect was expected to remove a proportid the microlitter particles left in the secongar
225  effluent. After the BAF, the discharged effluenttained 0.7 — 3.5 microlitter particle per liter of
226  wastewater. This result differs from the study afi@t al. (2016), where no microlitter after the
227  tertiary treatment was detected. Differences irsdmapling methods, especially volumes make this
228  comparison difficult, but both works clearly undeé the efficiency of the first steps of the

229  processes in the purification efficiency. The twd WPs also differ in the techniques used for

230 tertiary treatments, which may have caused difigenn the removal result. Where BAF appears
231  to be inefficient to remove microlitter, other teajues, like gravity filters, may have a better

232 removal capacity.

233

234
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Table 4. The average microlitter concentrationluding all the fractions (> 30@m, 100 — 30@um
and 20 — 10@m), in influent, after pre-treatment, after AS aneffluent. Data is given in number

of microlitter particles per & of wastewater. Figures represent mean values S8,

Sampling site Monday Wednesday Saturday

Influent 636.7 (£38.8) 686.7 (x155.0) 380 (+52.2)
After pre-treatment 14.2 (x4.0) 10.9 (x2.9) 9.9 (x1.0)
After AS 1.0 (x0.6 1.3 (0.9 2.0 (x0.2

Effluent 3.2 (0.7 0.7 (x0.6 3.5 (+1.3

To evaluate the microlitter balance of the WWTR;ess sludge, dry sludge and reject water were
also analyzed for one sampling day. The resultgaliected to table 5. The average wastewater

flow during the sampling day (Wednesday) was 2.82%_ d*.

Table 5. The average microlitter concentrationsféowd rates in excess + raw sludge mixture, dry
sludge and reject water. Data is given in numbenicfoliter particles per g or L™ of sludge.

Concentrations are mean values +SE, n=3 and flaysaderage.

Sampling point Recess + raw sludge  Dry sludge Rejagater
Microlitter per gram 76.3 (¥4.3) 186.7 (x26.0) 12.9 (%0.3)
Microlitter per liter 63611.1 (+3543.7) NA 12866.7 (£275.4)
Average flow (L d*) 2.92x10 1.84x10 2.74x16

A microlitter balance over the treatment proceggésented in Fig. 3. The overall balance and the
balance of the pre-treatment are summing up taran ef approximately 20% of the influent load.
This indicates that the microlitter sampling andlgsing have been successful in different parts of

the water and solid flows. When not removed from\WMWTP with effluent or dried sludge,

12
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microlitter particles are recycled inside the WWiTEh the activated sludge and reject water.
During the digestion organic matter is degraded niom-biodegradable or slowly degradable
particles like plastics are not affected by thiglgle handling. In dewatering of raw and excess
sludge, the reject water is separated and conduttiethe beginning of the wastewater treatment
process. Balance analysis indicates that rejecveats as considerable inner source of microlitter
particles back into the process (fig 1.). Approxiena20% of the microlitter removed from the
process is recycled back in the reject water wise8€&o of the microlitter is contained in the dried

sludge.

3.07x10? 3.66x10%

1.93x10"
Influent Pre-treatment

4

Reject water
3.52x10"

1.97x10%
) Effluent

Excess sludge
1.86x10"

Digestion ]

‘ 1.51x10"!

Dewatering h Dry sludge

Fig 1. Microlitter balance and distribution in tlNTP. White arrows represents wastewater and

black-coloured represents sludge. Figures are fitterdlow per day (ML/d).

The dried sludge is transported to composting $iekfter composting, the product is used in green

construction. As Viikinmaki WWTP produces annuallpund 60,000 tonnes of dried sludge,

13



263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

enormous amounts of microlitter are ending up &ehvironment with sludge.

3.2 24-hour composite samples

24-hour composite sampling was performed to sthdyawverage concentration and removal of
microlitter during the wastewater treatment oves day period. Sampling was performed three
times during the sampling week; Monday to TuestWégdnesday to Thursday and Saturday to

Sunday (Table 6.). The method was also evaluategogsible microlitter monitoring purposes.

Table 6. 24-hour composite samples. The microldtercentrations in influent, after pre-treatment,

after AS and in effluent. Data is given in numbemicrolitter particles per I of wastewater.

Sampling point Tuesday  Thursday Sunday
Influent 900.0 390.0 630.0
After pre-treatment 23.8 10.1 4.1
After AS 2.8 3.1 15
Effluent 28 14 14
Blank 04 08 0,€

The trend of microlitter removal during differenéatment steps determined with 24 — hour
composite sampling was very well in line with gssmpling results. Also the microlitter content
per liter was in the same range. Surprisingly #eation between sample days especially in
influent wastewater was larger with 24h compositmsles (390.0 — 900.0 particles pél) than

with grab samples (380+52.2 — 686.7+155.0).

Automated samplers provide an easy microlitter $eagprotocol. This can be utilized in
monitoring. However, if the microlitter concentaat is very low, composite samples might give

false zero results, as the sample volumes are alb @mour study, only 10-20 liters). In this case

14
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grab sampling with larger sample volumes mightdzpiired. Another clear disadvantage of
composite sampling is the microlitter contaminatibticrolitter type that easily contaminates the
samples is textile fiber. As it is also one of thest common microlitter types in wastewater (Habib
et al. 1996, Zubrist al. 2005, Talvitieet al. 2015), the contamination distorts the results easdly
leads to overestimation of microlitter and micraies in wastewater. During this study, a great
care was taken to minimize contamination duringahmposite sampling. However, the efforts,
contamination of microlitter particles was continsty detected, being between 0.4 — 0.8
microlitter per L' of water, which accounts for over 30% of the eatd microlitter content in the

effluent water. No contamination was detected dubeé transportation and analyses.

24-hour sequential sampling

In-day variation in the microlitter concentratiomsvdetected in both influent and effluent samples
(Fig 2). The night time (10 pm — 7 am) concentragizvere generally lower, average concentrations
in influent 476.7 and effluent 0.8 microlittei*|.compared to day time (7 am — 10 pm)
concentrations of 584 in influent and 1.7 micrelitper I in effluent. No contamination was
detected from blank sequential samples. The lomésblitter concentration during day time was
detected during 1 — 4 pm and microlitter conceittnaincreases towards the early evening hours.
This might have had an impact on our results froab gampling, as the sampling was performed

always in day time during low concentration hours.

15
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microlitter in L-1 of Influent
Microlitter in L-1 of effluent

T Influent e Effluent

298

299  Fig 2. 24-hour sequential samples. Microlitter eamtcations in influent and effluent. Data is given
300 in number of microlitter particles pef'lof wastewater. One sample consist of three-hotioge

301 pooled together.

302 The variation trend in microlitter concentrationriridine with day-time activities in households
303  which influence the amount of microlitter comingthe WWTPs. The in-day variation in

304 microlitter concentration has to be taken into actavhen evaluating the total amounts of

305 microlitter entering and leaving the WWTP with diacged effluents. These results supports the
306 use of composite sampling or e.g long-term largdessampling described by Catral. (2016)

307 when evaluating the role of WWTPs as source of afitéer pollution.

308

309

310
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3.3 Analyses of microlitter

3.3.1 Analyses with stereomicroscope

The proportion of the different microlitter sizeftions differed between the wastewater treatment
steps (Fig. 3). Pre-treatment had the greatestahgramicrolitter size distribution, efficiently
removing larger size fractions>(300 and 100 — 300 um), and particles in the ssidilaction (20-
100um) became most abundant. In effluent sampiesslight increase of particles of 100-300 um
in size was caused by the emergence of clear tfyatgnents in this fraction. Origin of these

fragments remained unknown.

Size fractions
100%
90%
80%
70%
60%
50%

40%

30%
20%
H =
0%

Influent Mech treatment Chem and biol treatment Effluent

H2>300 pm ®100-300 pm 20-100pum
Figure 3. The proportion of the different size sks of microlitter during the wastewater treatment
steps. The distribution is based on number of glasti

Also the proportion of particle types/shapes chdrayging the purification process (Fig. 4). In the
influent the fibers made up around 70 % of thel totiarolitter particles, and in effluent only 30 %.

Most of the fibers were removed already duringtpeetment. In influent, textile fibers probably
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329

330

331

332

333

334

335

336

337

338

attach easily to grit and to other larger organést® material and settle down to sludge efficiently
during primary sedimentation. The proportion ofjireents increased during the treatment. Majority
of the fragments detected in effluent consistededir fragments. Relative proportion of flakes was

approximately the same in all treatment phases.

Shape

Influent Mech treatment Chem and biol treatment Effluent

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

M Fibers M Fragments Flakes Films Spherical

Figure 4. The proportion of microlitter shape catégs during the wastewater treatment phases.

The distribution is based on number of particles.

3.3.2 Material identification

All together 752 microlitter particle were includedthe material identification. However, the
overall success rate for material identificatiorswelatively low, only 18 % (table 8). Especially
clear fragments remained unrecognized. Reasors/@all weak success rate were unrecognizable
particles (e.g. inorganic minerals and metals)itéiraf the FTIR spectroscopy and weak quality
infrared spectra. The cause for weak quality spexdn be e.g the biofilm contaminating the

particles. The biofilm in our wastewater samplesegally gave spectrum peaks at wavenumber of
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340

341

342

343

344

345

346

347

348

1000 — 2500 cfh. In those wavenumbers the biofilm was blockingpibesible peaks from the
actual material of the particle and hindered thaysm®s. Scanning electron microscopy with energy
dispersive spectrometer (SEM-EDS) could probabtyaase the percentages for successful
analyses by e.g. confirming inorganic compositibthe particles. Some chemical treatments have
been tested for removal of biological matter framgples when analysing the microplastics from
wastewater (Taggt al. 2015). However, if natural materials e.g cottextite fibers are included

into the examination, the chemical treatments aamtthe materials and complicate the analyses.

Table 8. Microlitter types from effluent sampleslinded into the material analyses, the success rate
of the analyses and detected materials (PE=poli@thyPS=polystyrene, PP= polypropylene

PES=polyester, NA = not available).

Particle types Included Successfully analyzed % Materials
Fibers 108 108 100  See fig.7
Fragments

Blue 26 3 12 PE x 2, PS
Black 18 3 17 PE x 2, PP
Red 4 1 25 PP

Yellow 3 3 100 PES

Greer 6 0 0 NA

Brown 1 0 0 NA

White 4 1 25 PP

Clear 507 14 2,8 PE (minerals?)
Silver 2 0 0 NA (metals?)
All 571 25 4

Flakes
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349

350

351

352

353

354

355

356

357

Blue 3 0 0 NA

Black 4 0 0 NA
Red 2 0 0 NA
Clear 1 0 0 NA
Silver 55 0 0 NA (metals?)
All 65 0 0

Films

Black 1 0 0 NA
Yellow 1 0 0 NA
Clear 3 1 33 PP
All 5 1 2C
Spherical

Black 1 0 0 NA
Yellow 1 0 0 NA
White 1 0 0 NA
All 3 0 0

All of the 108 fibers from effluent samples weresessfully analysed with FTIRI. Textile fiber is
easily identifiable litter type and this helps het material analyses. However, majority of the
natural textile fibers gave relatively weak spectsuand it was hard to found a match for them in
commercial polymer libraries. To solve this probjdéhe spectrums were analysed with textile fiber
library made from model fibers. With the help oé tibrary, materials of all textile fibers were

ascertained.

The top two textile fibers were cotton (44%) andypster (33%) (Fig 5.). In overall, 66% of the all

textile fibers were natural fibers of cotton, linenwool. Natural textile fibers have been more or
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370

371

372

373

less excluded from the scientific microlitter sesland the focus has been more on synthetic fibers.
This is probably due the general perception theabse natural fibers degrade faster and are
“organic” by nature, they do not pose harm to th&renment. Opposite opinions state that natural
fibers may actually act as carriers to harmful sarsts because textiles from organic fibres have
often been treated with harmful chemicals, suctease retardants, Also, like microplastics,

natural fibers may also absorb pollutants fromaurding water and faster degradation compared
to synthetic ones can lead to quicker release efatals into the surrounding environment
(Ladewiget al. 2015). As the textile fiber, from washing of ¢les (Browneet al. 2011), is one of

the most common litter types in wastewater and bmmatural and synthetic fibers can have
negative impacts in environment, we recommendviesin evaluating the role of WWTPSs as point

source of microlitter, natural textile fibers woudd included into the examination.

2% 1%

m Cotton

m Polyester

Linen

Viscose

Wool

Polyacryl

Figure 5. Materials of fibers and their percentageffluent samples.

Microlitter type observed frequently in our effliesamples was clear polyethylene fragment, the
type found in some widely used cleansing scrulgsgfiSD fig S11). When a particle has a very

distinct and recognizable profile (size, shape @oldr), it is possible to find its origin. For exata
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Carret al. (2016) discovered that the most common partm@lmd in their effluent samples, blue

polyethylene fragments, resembled the ones founoboithpaste.

Figure 6. On the left: polyethylene fragments,ered with brownish biofilm, from effluent

samples. On the right: polyethylene fragments fobeansing scrubs.

However, clear PE fragments consisted only a spaatifrom all clear particles found from our
effluent samples (Table 8). Most of the clear gt were hard crystals which remained
uncharacterized. Wastewater contains a lot of riitgpand microplastic particles that are
unrecognizable and it is difficult to estimate th@assible material before material analyses.
Particles are either secondary microparticles degifrom fragmentation of larger litter items or
primary microparticles from unknown source. Anahgthese particles is particularly challenging
when material is not suitable for FTIR spectroscapgl hence the spectra gained from the analyses

are unclear.
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3.4.3 The role of WWTPs as an entrance route for rorolitter

The amount of microlitter entering the marine eornment with the effluent varied between
2.0x10 to 7.9x18 particles per day and the ascertained average BtPvaried between 1.7x%10

1.4x1@ particles per day (Table 9).

Table 9. Flow rates (ffd), microlitter concentrations (MLsAnand microlitter load (ML/d),

microplastic concentrations (MPsirand microplastic load (MPs/h) from WWTP with eht.

Date Monday 14.. Wednesday 16 Saturday 19.
Flow rate(m?/d) 21902 28175( 22429

ML concentration (ML/r®)  320C 70C 350(

ML outflow (ML/d) ~ 7.0x10 ~2.0x10 ~ 7.9x18
MP concentration (MP/@ 651 6 161

MP outflow (MP/d) ~ 1.4x19 ~1.7x16 ~ 2.0x10

In their study Murphyet al. 2016 estimated the daily discharge of 6.5X@s in large secondary
WWTP (PE 650 000, treating 260 954 af wastewater per day) and Catel. (2016) calculated a
daily discharge of 0.93x£MPs also in large (treating 1.06 millior’ wf wastewater per day)
secondary WWTP. Our results, together with thesdiss, indicate that secondary and even tertiary
WWTPs may constitute a considerable source of riiinoand microplastics given the large

volumes of effluent discharged to the aquatic emrment constantly.

4. Conclusions

Our work provides a detailed information on thepatise removal of microlitter in a tertiary level

WWTP. Most of (97%) the microlitter in wastewateaswemoved during the pre-treatment and AS
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treatment further decreased (7% - 20%) the miteoldoncentration. Tertiary treatment BAF didn’t
have any significant impact on microlitter concatitbn. Pre-treatment had the greatest effect also
on microlitter size distribution, efficiently reminyg larger size classes »f300 and 100 — 300 um.
Of the different types of microlitter, fibers antifs were most efficiently removed from the
wastewater. The microlitter balance confirmed tpgliaability of our sampling and analysing
methods and showed that 0.1% of the microlitteer@mg the plant ended up in the effluent and the
rest was removed with the sludge. 20% of the miiteolin the removed sludge returned to the

process with reject water.

Automated composite samplers can provide relatigaly microlitter sampling protocol. With grab
sampling, larger sample volumes and hence statilsticmore representative results are gained. The
method is neither so sensitive to contaminationvéler, the grab sampling method requires much
more time and effort compared to composite sampliitly automated equipment. The grab
sampling also ignores the in-day variations in wiitter concentration. If microlitter is examined
over longer period or regularly e.g. for monitorimgrposes composite sampling with automated

samplers can offer a practical sampling tool.

According to our results 2.0x16 7.9x18microlitter per day and 1.7x3fb 1.4x18 microplastics
per day was discharged into the Baltic Sea witluefit. Given the large volumes of effluent
discharged to the aquatic environment constantisn eéertiary level WWTPs may constitute a

considerable source of microlitter and microplastic
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Highlights

e The microlitter retention capacity in investigated WWTP was over 99%.

e The size and shape of microlitter particles has impact on their removal in WWTP.
e Microlitter balance analysis for the wastewater treatment process for performed.
e Microlitter sampling protocol for monitoring purposes was investigated.

e WWTPs can constitute entrance route for microlitter into the aquatic environment.



