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Toém tit:

Khu vic ciia song Sai Gon - Dong Nai c6 mdt do dan cu cao, cing v6i qud trinh dé thi héa manh, lam ting
viéc phdt sinh rdc thdi nhua (RTN). Nghién citu nay c6 muc tiéu khdo sdt, phdn tich khoi lugng, sé lugng
mdnh nhya va nong do kim logi ndng Cr, Pb, Zn, Cd trong RTN tai khu vic ciia séng Sai Gon - Dong Nai.
Cdc phuong phdp si dung bao gom: Thu mau, phén tich RTN, phan tich kim logi ndng, xi ly s6 liéu. Két
qud nghién ciiu cho thdy, RTN xudt hién tqi tdt cd 6 diém khdo sdt, khoi lugng c6 gid tri trung binh 5,29
mg/m>; cdc mau nhya c6 chita kém, crém va chi; ham lugng kém cé gid tri cao nhdt, dat 50,7 mg/kg, tiép
theo la crom va chi, iing vdi gid tri ldn lugt la 14,1 mg/kg va 9,8 mg/kg. Mot so gidi phdp qudn Iy RTN khu
vic ctia song Sai Gon - Dong Nai da dugc dé xudt, bao gom: Thu gom RTN phdt sinh tii hoat dong nudi
trong, ddanh bat thity, hdi sdn (béi nuéi hau, ngao), cdnh dong mudi, khu vic dan cu; gidm thiéu nhva sit
dung mét lan, tdng cuong tdi ché, tdi s dung RTN; dinh ky thuc hién cdc chién dich lam sach RTN phdt
sinh trong khu vic; ngan ngiia RTN phdt sinh tii cdc khu du lich, nha nghi ven séng trong khu viic, RTN
tis hoat dong vui choi, gidi tri trén bdi bién, huéng t6i phdt trién du lich khéng RTN; dp dung hiéu qud cdc
cong cu qudn ly RTN (chinh sdch phdp ludt, cong cu kinh té, cong nghé ky thudt va gido duc) trén pham
vi toan quoc.

T khéa: Kim logi ndng, khu vuc ciia séng, RTN Idn.

Ngay nhdn: 10/5/2024; Ngay stia chiia: 6/6/2024; Ngay duyét dang: 19/6/2024.

Macroplastics in the Saigon - Dong Nai estuary
and solutions for managing plastic waste

Abstract:

Rivers are a major pathway for plastic transport into the seas and plastic waste is often concentrated in the
estuary. This region frequently experiences high population density and robust urbanization, which increases
the generation of plastic waste. This research aimed to analyze macroplastic (> 5 mm) in the Saigon-Dong
Nai estuary, investigating mass characteristics, the number of plastic fragments, and concentrations of heavy
metals (Cr, Pb, Zn, Cd). This study employed various methods, including sampling and analyzing macroplastic
characteristics, measuring heavy metal concentrations, and conducting statistical analyses. The results of the
study showed that there was plastic waste at all six sites, with an average value of 5.29 mg/m>, plastic waste
contained zinc, chromium, and lead; the zinc content had the highest value, reaching 50.7 mg/kg; followed
by chromium and lead with values of 14.1 mg/kg and 9.8 mg/kg, respectively. Several solutions to manage
plastic waste in the Saigon - Dong Nai estuary area have been proposed, including: Collection of plastic waste
arising from aquaculture and fishing activities (oyster and clam farms), salt fields, residential areas; reduce
single-use plastics, increase recycling and reuse of plastic waste; periodically implement campaigns to clean
up plastic waste generated in the area; prevent plastic waste arising from tourist resorts, riverside motels in
the area, plastic waste from entertainment activities on the beach, towards the development of plastic waste-
free tourism; effectively apply plastic waste management tools (environmental law and policy, economic policy
instruments for plastic waste, technology solutions and education) nationwide.

Keywords: Heavy metal, estuary, macroplastic.
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1. DPAT VAN PE

Ngay nay, nhya da tré thanh mét phéan thiét yéu trong
cudc séng hang ngay ctia con ngudi, ching dugc st dung
trong nhiéu linh vyc khéc nhau (Rillig, 2012). Do thdi gian
phéan hty lau, RTN ton tai trong moi trudng nhiéu nam
(Allen et al., 1988) sé gay ra nhiing tic dong khong t6t dén
hé sinh thai (HST), sinh vat va con ngudi. Duéi tic dong
ctia cac yéu t6 mdi truong, RTN 16n bi v& vun thanh nhiing
manh v6i kich thudc nho, c6 thé giy ra mét s6 moi de
doa, tic dong dén cac loai sinh vat bién nhu mic ket trong
duong tiéu hoa, gay ngat thd (Boren et al., 2006). Bén canh
do6, RTN ciing ¢6 thé 1a nguyén nhén giy 6 nhiém hiu co
cho sinh vat vi céc chit 6 nhiém bao gébm hydrocacbon
thom da vong (PAHs: polycyclic aromatic hydrocarbons);
dichlorodiphenyltrichloroethane (DDT) va polychlorinated
hydrocarbons (PCBs) c¢6 xu hudng tich tu trén bé mét nhya
(Ogata et al., 2009). Ngoai ra, su hép phu cta kim loai ning
trén nhuya ciing dit ra vAn dé dang lo ngai & khia canh moi
trudng (Weijuan, et al., 2001).

Dong song la con dudng chinh van chuyén rac tu dat
lién ra bién va khu vuc ctia song 1a noi tiép nhén, tap trung
RTN (Schmidt et al., 2017), tuy nhién, khu vic nay thuong
c6 mat do dan cu cao va qua trinh d6 thi hoa lam tang viéc
phat sinh RTN (Damar & Hariyadi, 2022). Emmerik va cs.,
2018 da thyc hién quan trdc RTN tai diém cdu Tht Thiém,
song Sai Gon dé€ tinh lugng rac d6 ra bién. Két qua nghién
ctiu cho thay, lugng RTN phat thai theo dong song Sai Gon
ra bién Pong udc dat 7,5 x 103 - 13,7 x 103 tdn/nam (Van
Emmerik et al., 2018).

Nghién ctiu nay c6 muc tiéu xac dinh néng d6 RTN
trong moi trudng nudc va phan tich ham lugng kim loai
nang trong RTN tai khu viic ctia song Sai Gon - Péng Nai.
Theo do, nghién ctiu thuc hién thu mau RTN 16n (> 5 mm)
tai khu vuc ctia song Sai Gon - Dong Nai nham xdc dinh
ddc diém vé khdi lugng, s6 lugng manh nhua, néng do kim
loai nang Cr, Pb, Zn, Cd trong RTN.

2. PIA PIEM VA PHUONG PHAP NGHIEN CUU

2.1. Vi tri, thoi gian thu mau

HST vung ctia song la moéi trudng song cta nhiéu
loai sinh vat, c6 d6 da dang cao va dé bi tdc ddng bdi su 6
nhiém. Nghién ctiu nay thyc hién thu mau RTN tai 6 diém
thudc khu vuc ctia song Sai Gon - Pong Nai. 4 diém S2, S3,
S$4, S6 tuong ting la vi tri ctia song Long Tau, song Dong
Dinh, song Dong Tranh va song Soai Rap; diém S1 thudc
song Long Tau, gin clia séng Sai Gon va diém S5 trén song
Lo Rén, trong rting ngdp man. Vi tri thu mau dugc thé hién
trong Hinh 1; cdc mau dugc thu trong thang 11/2023.

2.2. Phuong phdp nghién ciiu

2.1. Phuong phdp thu mau

Dé thu mau RTN trong nudc, nhiéu phuong phap c
thé dugc st dung, bao gdm: Quan sat truc tiép; st dung
ludi; dung hé théng phao; ting dung cdm bién; quay phim;
dung may bay khong ngudi lai hodc st dung vé tinh (Van
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A Hinh 1. Vi tri thu mdu

Emmerik & Schwarz, 2020) (Lippiatt, et al., 2013). Nghién
ctu st dung lu6i dé thu mau RTN ¢ kich thude > 5 mm
(macroplastic) trén séng; luu tdc dong dugc do bing thiét
bi Flowatch, Thuy Si; khung luéi c6 kich thudc 0,7 x 0,6 m,
mat [ugi 5 mm.

Tai mdi diém, nghién ctiu thuc hién thu 3 mau, 2 mau
& hai bo va 1 mau gitia dong song. Ngoai trii diém S2 (ctia
song Long Tau) khong thu mau gitta dong vi ly do an toan,
bai tai day nhiéu tau 16n di chuyén, gay nguy hiém khi thu
mau. Thoi gian kéo luéi thu mau 1a 15 phat (GES, 2016).

Thu mdu RTN
A Hinh 2. Thu mau RTN trén song

Do luu toc dong nuide

2.2. Phuong phdp phan tich RTN

Mau RTN dugc ruia sach, phoi kho, sau d6 dém s6
manbh, do kich thudc va can khdi lugng. Can 4 s6 (Ohaus
PR 224) dugc dung d€ can khéi lugng RTN. Kich thude
RTN la kich thu6c 16n nhat ctia manh rac thu duoc, duoc
tinh bang phan mém Image J.

Tt thoi gian thu méu va dién tich ludi, tinh ra thé tich
nude dugc loc qua ludi. Nong do RTN (C) dugc tinh cho 1
m® nudc theo cong thiic sau:

C=n/V (RTN/m?)

Trong do6: n 1a s6 RTN thu dugc; V la thé tich nudc

(m?) dugc loc qua luéi (Lippiatt et al., 2013).
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2.3. Phuiong phdp phan tich kim logi ndng

Dé phan tich kim loai ning trong nhua, nghién ctiu nay
chon 3 loai vat dung tit mau RTN thu dugc, gom méanh x8p,
mang nhua va sgi nhya. Nghién ctiu thuc hién phén tich
cac kim loai nang Cd, Cr, Pb, Zn trong RTN theo phuong
phép ph6 khoi - plasma két hgp cdm ung (Inductively
coupled plasma - mass spectrometry: ICP - MS). Cac mau
dugc phén tich tai Trung tdm dich vu phén tich thi nghiém,
phuong Pa Kao, quan 1, TP. H6 Chi Minh (CASE).

2.4. Xirly s6 liéu

S6 liéu dugc xu ly bang phdn mém Microsofl Excel
Office 2010 va SPSS Version 22.0.0.0. Sti dung phuong phéap
phén tich ANOVA d€ so sanh gid tri trung binh mau & cac
diém vé6i do tin cay 95%. Phan mém AcrMap 10.8 dugc diing
dé& thé€ hién vi tri va két qua tai cic diém thu mau.

3.KET QUA VA THAO LUAN

3.1. RTN trong nudc

Két qua phan tich chi ra rang, khoi lugng RTN tai cac
diém thu mau c6 gia tri dao dong tit 0,39 mg/m’ (Piém S5)
dén 10,12 mg/m’ (Diém S$4). Trung binh khéi lugng RTN
tai 6 di€ém co gia tri 5,29 mg/m’. Két qua phan tich thong
ké cho théy cd su khac nhau vé€ khéi lugng rac tai moi diém
(Pvalue < 0,05) (Bang 1).

S6 manh RTN trong nudc tai cic diém trung binh co
gia tri 0,73 manh/m®. Diém $4, clia song Pong Tranh c6
gid tri cao nhét 1a 1,55 manh/m?, trong khi d6, diém S5 c6
gia tri thap nhat, dat 0,01 manh/m’. Ciing giéng nhu khéi
lugng RTN, c6 sy khac nhau vé€ s6 ménh nhuya tai cac diém
khao sat (Pvalue <0,05).

Bang 1. Két qua RTN tai cac diém

Diém thu Khdi lugng S$6 manh Kich thuéc
miu RTN nhya RTN Ghi chi
(mg/m?) (manh/m*) (cm)

S1 5,89 +2,11 0,55+ 0,07 8,06 + 1,50 Song Long Tau, gin song Sai Gon
S2 6,98 +3,79 0,29 +£0,22 5,66 + 2,57 Ctia song Long Tau
S3 3,30+£1,93 1,08 +£ 0,43 5,40 £ 0,20 Ctia song Pong Pinh
S4 10,12 +4,00 | 1,55+0,41 8,97 3,42 Cita song Déng Tranh
S5 0,39 +£0,02 0,01+0,01 7,83 +4,95 | Song Lo Reén, trong riing ngdp man
S6 505+1,83 | 090+0,10 | 7,83+191 Ctia song Soai Rap

Trung binh

+ Do léch 5,29 £3,30 0,73 0,56 7,21 £1,79

chuén

Gid tri trung binh kich thuéc RTN tai 6 diém khao sat
c6 gid trila 7,21 cm. Két qua phén tich théng ké chi ra rang
khong c6 su khéc biét vé kich thudec RTN tai cic diém khao
sat véi do tin cdy 1a 95% (Pvalue > 0,05).

Mot cach truc quan, khdi lugng RTN tai méi diém
dugc thé hién bang biéu d6 cot trong Hinh 3.

bé khao sat RTN ndi trén song, c6 thé diing phuong
phdp quan sat truc tiép hodc dung ludi thu mau (Van
Emmerik & Schwarz, 2020) (Lippiatt, et al., 2013) (GES,
2016). Lugng RTN dugc biéu thi bang cic don vi tuong
ting véi phuong phép st dung. Bang 2 trinh bay két qua ctia
cac nghién ctiu vé RTN trén song. So véi két qua nghién
ctiu cta Haberstroh va cs., 2021 trén s6ng Hillsborogh
nuéc My thi khoéi lugng RTN & khu vuc clia song Sai Gon
- bong Nai cao hon gdp 2,41 1an (Haberstroh et al. 2021).
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(b) Khéi lugng RTN tai cdc diém

(a) RTN

A Hinh 3. RTN tai cdc diém khdo sdt

Bang 2. Két qua khao sat RTN 16n 6 mét s6 song

A N Ly
trén thé gici
Khu vyc RTN Phuong phip Ghi chu Ngudén
Song Klang, 200 - 10.000 méanh/ Dém rac bing phin (Van Emmerik
Malaysia gio mém CrowdWater Mit nudc et al., 2020)
Song Orange - ) Quan sat truc tiép Mitnuidc | (Weideman, et
Vaal, Nam Phi 0,8+ 2,9 mg/m trén cdu al,, 2020)
2,36 mg/m*® Dung ludi thu méu Mit nudc | (Haberstroh et
Séng HLJJ].és)\mrogh, 0,34 mg/m® Dung ludi thu mau Cot nudc al. 2021)
Song Sai Gon 5 . -, x o Két qua ca
-Déng Nai 5,29 mg/m Dung ludi thu mau Miit nude nghién ciu

Emmerik va cs., 2018 da thyc hién quan trac RTN tai
diém c4u Tht Thiém, séng Sai Gon d€ tinh téng lugng
rac d6 ra bién Pong (Van Emmerik et al., 2018). Trong
khi dd, nghién ctiu nay cung cdp thong tin vé néng do
RTN trong nuéc (mg/m?®) & khu vuyc ctia song Sai Gon
- bong Nai.

Nhin chung, khu vuc clia song Soai Rap (S6), song
Long Tau (S2), song Pong Tranh (S4) c6 khéi lugng RTN
cao hon diém & khu vuc phia thugng ngudn (S1 gin cta
song Sai Gon) va diém trong riing ngdp mén (S5). Dong
song 1a con dudng chinh van chuyén rac ti dat lién ra
bién va khu vuc ctia song la noi tiép nhén, tap trung RTN
(Schmidt et al., 2017). DPiém ctia séng Dong Dinh (S3)
c6 lugng RTN thdp hon so véi cac diém ctlia song Soai
Rap, Long Tau, Dong Tranh; khong két ndi truc tiép véi
song Soai Rap va séng Long Tau (Hinh 3). Bay c6 thé 1a
nguyén nhén lam cho lugng rac thip hon so véi 3 diém
vung ctia song Soai Rap, Long Tau va Béng Tranh (S2,
$4, S6).

3.2. Kim logi ndng trong nhua

Do dic tinh hoa ly, nhya c6 thé thu nhan héa chit,
tich tu chat 6 nhiém ti ngoai mai trudng. Su ton tai lau
dai ctia nhya trong mdi trudng nude duge coi 1a moi de
doa d6i v6i nhiéu loai dong vat thay sinh va tic dong
thudng thdy nhu lam cho sinh vét bi méc ket hodc ngat
thd (Boren et al., 2006). Nghién ctiu nay thyc hién phan
tich kim loai ning Cr, Pb, Zn va Cd trong nhya. 3 loai
RTN thuong gip tai khu vuc khao sat dugc dung phan
tich kim loai ndng bao gém sgi nhya, manh x6p va mang
nhua (Hinh 4).



a. Sgi nhua

b. Mdnh x6p
A Hinh 4. Mau nhya dimg phan tich kim loai ndng
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a. Kim logi nang trong sgi nhya, xop, mang nhua

A Hinh 5. Két qud khdo sdt kim logi ndng trong RTN

Két qua phén tich kim loai ndng trong nhya cho thiy,
kém c6 gid tri cao hon so véi cac kim loai khac (ham lugng
cao nhit la 50,7 mg/kg), ti€p dén la crom (14,1 mg/kg) va
chi (9,8 mg/kg). Trong cac mau nhya phan tich, déu khong
phat hién cadmium (ngudng phat hién ctia phuong phap
= 0,3 mg/kg). Két qua kim loai ndng trong RTN dugc thé
hién tai Hinh 5. Phan tich théng ké chi ra ring, c6 su khac
biét vé ham lugng kim loai néng trong 3 mau RTN (Pvalue
<0,05). Manh x6p ¢6 ham lugng kim loai cao hon mang
nhuya va sgi nhua. Két qué nghién ctiu nay giong véi két
qua phan tich ctia Turner va cs., 2016, trong d6 manh xp
6 gia tri kim loai nang Cr, Pb, Zn cao hon so véi ddy thiing
va cac loai nhya khac (Turner, 2016). Ham lugng Zn trong
manh x4p, nhua, day thiing 14n lugt c¢é gia tri giam dén,
tuong tng la 248 mg/kg; 58 mg/kg va 35 mg/kg (Turner,
2016). Su hién dién cta kim loai ndng trong nhya da dat
ra van dé dang lo ngai d6i v6i mdi trudng (Weijuan et al,
2001), khi manh nhya 16n bi v vun tao nén manh nhé hon
thi mic d6 tac dong véi dong vat thiy sinh ngay cang 16n
hon thong qua con dudng thiic &n (GESAMP, 2019).

3.3. Cdc gidi phdp qudn ly RTN

C6 nhiéu chién lugc khac nhau dé€ kiém soat RTN. Mdi
chién lugc c6 nhiing uu, nhugc diém khac nhau. Do d6,
viéc lya chon mot chién lugc cu thé cin xem xét dén cic
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b. Gid tri Cr, Pb, Zn trong RTN

yéu t6 bao gébm co s& ha ting, diéu kién kinh té€ va nhiing
dic trung khac ciia méi quoc gia. Cac chién lugc bt dau véi
viéc phong ngtia 1a lua chon dugc uu tién nhat va viéc xt ly
chét théi la chién lugc dugc lya chon sau cung (Osman et
al.,, 2023). D€ gidm thiéu RTN, 5 chinh sach c6 thé dugc st
dung (OECD, 2022).

Bang 3. Chinh sach, cong cu trong quan ly RTN
(OECD, 2022)

Chinh sich

MOt s6 cong cu
Thué, phi d6i v6i sén phim st dung mét 1an
Han ché nhu céu sti dung Téng viéc tai stt dung san phdm nhua
nhya Loai bo trg cdp d6i v6i san phdm nhua nguon gdc nhién liéu hoa
thach
M0 rong trach nhiém d6i v6i nha san xudt nhya lién quan dén thiét
ké tudn hoan
Tiéu chudn san phdm nhuya, tiéu chudn téi ché, quy dinh vé hoa chat
doc hai trong nhua
Nghién ctiu, phét trién chuong trinh gidm phat thai nhya
M0 rong trach nhiém d6i v6i nha san xudt bao bi, d6 dung nhya
Thué chon l4p va dot rac
Ky quf - hoan trd
Doéng phi néu khong phén loai (Pay - as - You - Throw)
C4m hodc danh thué cdc mat hang thuong xuyén xa rac nhua
Thu gom chdt thai ran do thi
Cong trinh, bai chon 14p hop vé sinh
Cong nghé cudi dudng 6ng nhu nha méy xu Iy nudc thii
M0 rong trach nhiém thu gom rac nhuya déi v6i nha san xuét
Thu gom réc nhya trén song, dai duong
Thuc hién céc chién dich lam sach rac thai nhua ngoai mdi trudng

Thiét ké san phdm nhua theo
huéng tudn hoan

Tang cudng tai ché

Ngan ngia thai bo rac nhua
ra ngoai moi trudng

‘Thu gom réc nhya ngoai moi
truong

Dua vao nhiing dac diém vé vi tri dia ly, diéu kién
tu nhién, dén cu, xa hoi va kinh t& mot s6 giai phap
giam thi€éu RTN khu vuc ctia song Sai Gon - Dong Nai
bao goém:
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(a) Thu gom RTN phét sinh ti hoat dong danh bat,
nudi trong thtty, hai san (bai nudi hau, ngao), canh dong
mudi, khu vic dan cu;

(b) Gidm thiéu nhua stt dung moét 14n, ting cudng tai
ché, tai stt dung RTN;

(c) binh ky thuc hién cac chién dich lam sach RTN
phét sinh trong khu vuc;

(d) Ngén ngtia RTN phat sinh tti cac khu du lich, nha
nghi ven song trong khu viic; RTN tii hoat dong vui chai,
gidi tri trén bai bién; hudng t6i phét trién du lich khong RTN;

(e) Ap dung hiéu qua cic cong cu quan Iy RTN (chinh
sach phap luat, cong cu kinh t€, cong nghé ki thuat va gido
duc) trén pham vi toan qudc, bai vi RTN vung ctia song c6
thé dugc phat sinh tai chd hodc tti khu vuc lan can.

4. KET LUAN

Nghién ctiu da thyc hién thu mau tai 6 diém thudc khu
vuc ctia sdng Sai Gon -Dong Nai d€ khao sat RTN 16n (> 5
mm) trong mdi trudng nudce. K&t qua nghién ctiu cho thdy,
c6 RTN trong nudc tai tat ca cac diém khao sat va khéi
lugng réc c6 gia tri khac nhau & cic diém. Trung binh khdi
lugng RTN tai khu vuc khao sat c6 gia trila 5,29 mg/m’.

béi véi kim loai nang trong nhua, két qua nghién ctiu
cho thély, cdc mau sgi nhya, manh x6p, mang nhya déu
chtia kém, crom, chi. Manh x6p ¢6 ham lugng Zn, Cr, Pb
cao hon mang nhua va sgi nhya; ham lugng kém c6 gia tri
cao nhat, dat 50,7 mg/kg; tiép theo la crom, chi, ting véi gia
tri 1an lugt la 14,1 mg/kg va 9,8 mg/kg. Han ché ctia nghién
ctiu nay la khong xac dinh thanh phan polime ctia RTN,
bai moéi loai polime anh huéng dén sy hdp phu kim loai
nédng ctia RTN trong moi trudng khac nhau.

Nhiing nghién ctiu vé chit 6 nhiém hiiu co lién quan
dén nhya (PAHs, PCBs) va tdc dong ctia RTN dén sinh vt
14 rét can thiét, nhdm cung cip nhiing thong tin hitu ich dé
ngan ngtia, giam thiéu tdc ddng tiéu cyc ciia RTN dén HST
ciing nhu stic khde con ngudi. Cac giai phap quan ly RTN
bao gbm: Quan ly t6t ngudn thai, nang cao ty 1é tai ché,
han ché nhua st dung mot 14n; phat trién san phdm nhua
6 kha ning phén huy sinh hoc can dugc ap dung dé€ giam
thiéu RTN trong mdi trudng va bao vé HST viing ctlia sdng.

Loi cdm on: Nhom tdc gia xin cdm on gia dinh anh
Nguyén Vin Tai (T6 6, dp An Hoa, xa Tam Thén Hiép, huyén
Cdn Gid); anh Luong Anh Huy (S6 492, dp Nhon Thudn, xd
Nhon Thanh Trung, TP. Tan An, tinh Long An); chi Lé Thi
Ngoc Hiéu (S6 312, dp 4, xa Tan Phudc Tay, huyén Tan Try,
tinh Long An); chi Nguyén Ngoc Kim Duyén (S6 168/5, khu
pho Binh Lgi, thi trdn Tan Tru, huyén Tan Try, tinh Long An)
da ho trg thu mau tai cdc diém trong nghién ciiu naym

TAI LIEU THAM KHAO

1. Allen, N S et al., 1988. “Degradation of Historic Cellulose
Triacetate Cinematographic Film: Influence of Various Film
Parameters and Prediction of Archival Life” The Journal of
Photographic Science 36 (6): 194 - 98.

S6 6/2024

2. Boren, Laura ], Mike Morrissey, Chris G Muller, and Neil
J Gemmell. 2006. “Entanglement of New Zealand Fur Seals
in Man-Made Debris at Kaikoura, New Zealand.” Marine
pollution bulletin 52 (4): 442 - 46.

3. Damar, Ario, and Sigid Hariyadi., 2022. “Current Source
and Distribution Pattern of Plastic Waste Leakage in the
Estuary of Jakarta Bay.” In IOP Conference Series: Earth and
Environmental Science, IOP Publishing, 12057.

4. van Emmerik, Tim et al, 2018. ‘A Methodology to
Characterize Riverine Macroplastic Emission into the
Ocean.” Frontiers in Marine Science 5 (OCT). doi:10.3389/
fmars.2018.00372.

5. Van Emmerik, Tim et al. 2020. “Crowd-Based Observations of
Riverine Macroplastic Pollution.” Frontiers in earth science 8: 298.
6. van Emmerik, Tim, and Anna Schwarz. 2020. “Plastic
Debris in Rivers” Wiley Interdisciplinary Reviews: Water 7
(1): e1398.

7. GES, MSFD., 2016. “Riverine Litter Monitoring-Options
and Recommendations.”

8. GESAMB GESAMP, 2019. “Guidelines for the Monitoring
and Assessment of Plastic Litter in the Ocean” GESAMP
Reports Stud 99: 130.

9. Haberstroh, Charlotte ], Mauricio E Arias, Zhewen Yin,
and Michael Cai Wang. 2021. “Effects of Hydrodynamics on
the Cross-sectional Distribution and Transport of Plastic in
an Urban Coastal River” Water Environment Research 93
(2): 186 - 200.

10. Lippiatt, Sherry, Sarah Opfer, and Courtney Arthur.
2013. “Marine Debris Monitoring and Assessment:
Recommendations for Monitoring Debris Trends in the
Marine Environment.”

11. OECD., 2022. Global Plastics Outlook: Economic
Drivers, Environmental Impacts and Policy Options. OECD
publishing.

12. Ogata, Yuko et al., 2009. “International Pellet Watch:
Global Monitoring of Persistent Organic Pollutants (POPs)
in Coastal Waters. 1. Initial Phase Data on PCBs, DDT5, and
HCHs.” Marine pollution bulletin 58 (10): 1437 - 46.

13. Osman, Ahmed I et al. 2023. “Microplastic Sources,
Formation, Toxicity and Remediation: A Review.
Environmental Chemistry Letters 21(4): 2129-69.

14. Rillig, Matthias C., 2012. “Microplastic in Terrestrial
Ecosystems and the Soil?”

15. Schmidt, Christian, Tobias Krauth, and Stephan Wagner.
2017. “Export of Plastic Debris by Rivers into the Sea”
Environmental science & technology 51 (21): 12246 - 53.

16. Turner, Andrew., 2016. “Heavy Metals, Metalloids and
Other Hazardous Elements in Marine Plastic Litter” Marine
Pollution Bulletin 111 (1 - 2): 136 - 42.

17. Weideman, Eleanor A, Vonica Perold, and Peter G Ryan.
2020. “Limited Long-Distance Transport of Plastic Pollution
by the Orange-Vaal River System, South Africa.” Science of
the Total Environment 727: 138653.

18. Weijuan, Li, Ding Yougqian, and Tao Zuyi, 2001.
“Americium (III) Adsorption on Polyethylene from Very
Dilute Aqueous Solutions.” Journal of Radioanalytical and
Nuclear Chemistry 250: 497 - 500.



