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ABSTRACT

The phenomenon of sediment resuspension in rivers and lakes causes contaminants (heavy metals and nutrients)
accumulated in the sediment to leach into the overlying water. As a result, it can lead to changes in toxic effects and
eutrophication in the aquatic ecosystem. In this regard, it is important to quantitatively determine the amount of
contaminants leached during sediment resuspension. In this study, methods for assessing the amount of released
contaminants and the types of contaminants potentially released due to sediment resuspension were studied and
summarized. Methods for assessing leaching can be divided into three groups based on the principle of causing
resuspension: (i) the oscillating grid chamber method, (ii) the mechanical stirrer method, and (iii) the shaker method. It
was confirmed that the types of contaminants that can potentially be released include heavy metals bound to sulfides, as
well as exchangeable and labile forms of heavy metals and nutrients. To effectively manage stable aquatic ecosystems in
the future, a simplified leaching test method is needed to assess in advance the risks (i.e., changes in toxic effects and
eutrophication) that sediment resuspension may pose to aquatic ecosystems.
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Table 1. Components of various evaluation techniques to simulate sediment resuspension

Reaction tank dimensions

i‘;ilnuiat:;z ritégll(l)ldgs (cm) Solid-liquid ratio (g/L)Stu*rEngnslI))e ed Stirring time References
q (diameter x height) P
. 12.7 x 279 Shi and Zhang.
Oscillating ~ Vortical MOVe- - ploiolass bottle) 250050 - 15d 2018)
grid chamber ment of the 12.7 x 27.9 H t al
Hlati d . . wang et al.
oscriating grt (Plexiglass bottle) 250050 120 % h @011)
13.5 x 20 Kang et al.
Propeller (Acrylic bottle) 500.0/1.0 150 0-24 h 2021)
Add 2000.0 g of sed- Continuous stir-
Propeller 15 x 25 iment and top water to 60 ring for 12 h fol- Zhang et al.
P (Plexiglass bottle) a height of 10 cm from lowed by 60 h (2020)
the sediment surface settling (90 day)
Mechanical 154 x 30 10 min Da-Peng and
stirrer Blade (Perspex bottle) 200.02:5 60 (30 day) Yong (2010)
2.7/1.0 .
Propeller 3 L glass reactor 5.0/1.0 - 120-160 h Clﬂ:(r;g] g; al.
9.4/1.0
27710 Monnin et al
Propeller 3 L glass reactor 5.0/1.0 - 120-160 h 2018) ’
9.4/1.0
250 mL .
Shaker (HEPE bottle) 2.5/0.1 275 1-326 h  Xie et al. (2019)
1 h
125 mL (short term) Monte et al.
Shaker (Erlenmeyer flasks) 70011 . 24 h (2015)
(long term)
2 L 0.1/1.0 Dane et al
Overhead (Fluorinated ethylene propyl- 1.0/1.0 15 5 min-28 d (2‘%20) )
Shaker ene bottle) 10.0/1.0
L 0.1/1.0
1.0/1.0 48 h .
Shaker (Erlenmeyer flasks) 10.0/1.0 Morin and Morse.
Shaker 500 mL o (1999)
m
(Erlenmeyer flasks) 100 mL/0.1 150 24 h
60
. 100 mL Wang et al.
Orbital shaker (Centrifuge tubes) 0.5/0.05 égg 0-60 h (2009)
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2.1. Oscillating grid chamberS 238t S5 WY

Oscillating grid chambere= osc1llatmg grid®] 3 &

T 33 Y dYdS IRE FHESE AN
HEAA HHES] A-RE °“W = AAoIkFig. 1)
(Tsai and Lick, 1986). ‘FFoll 28] ARF5e= 2 o
HE9] FET oscillating grid®] & IV (TS )l
HlE, F28E S 2Es Fall "I 2
TH(Cantwell and Burgess, 2004; Orlins and Gulliver,
2003; Wang et al., 2013). Oscillating grid chamber<=
HaE ARRA B A B} o5 S5
7] $1% B0z ApiEgion), AR Afel e 3
Fe] 85 W) AL 40% IFe] WEAG el
829 Fa50) I WL & 4ol BuE vt 9o,
BHE AF-fol WE F55 85 Bl oscillating
grid chamberZ} 8341 &-&5]31 QJTh(Cantwell et al.,

2002; Cantwell and Burgess, 2004; Cantwell et al., 2008).
Shi and Zhang(2018) E] 2 AF-F=2 Q15 A5
i«] FE4(Cd, Cu) 854S H7I8I7] S8l Jiangxi 7
5 BZE 2 oscillating grid chambers -85 15

4
. Overlying water
L) I
= — Oscillating grid
4
DK
Sediment

Fig. 1. Schematic diagram of oscillating grid chamber (Tsai and Lick, 1986).
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Mechanical stirrere 28] = Ego]=9] ¥
< B3l ATTE WA BREY ANRE dske W
2lo|t}, Mechanical stirrer 718 QEEZD 855 Hrt &
x]9] S|A]ZH erosion chamber’} UATh(Fig. 2) (Kalnejais
et al., 2010). Erosion chamber= erosion chamber] %
g z2deE Bl Aduleels dEEe dPFQ ¢
b AR ORE B4, 349 IR deeEe
axzdo] 3xdre] vl gk (Kalnejais et al., 2010;
Tolhurst et al., 2000). Z=3F erosion chamber W=l A
X bafflese= Z2H1E B3 AT wHt Al S5
9] full body rotations JAsh= &S SHh(Kalnejais
et al., 2010).

Chao et al.(2017) vlghl 2J3t HHE A7 =4
& HARl EZFE W P &S Wrish] S8k
Taihu 5 EXE3} mechanical stirrer(80 rpm)S ©]-8-3F
A ARS g vk 9o, 159 F e i F
P %7} %7] 0.085mg/LolA 0376 mgLE 713k
013} v} At Wu et al. 2020y EHE AH-F7) E
FUEFWN, P)o] &= VA= FFS AL}
mechanical stirrerE ©]-831] 2h B0 EF
AAE g v o, HHE ARTE <

|5 7144 (NO;-N +NO,-N + NH,-N)
= F71R1(POs™-P)®] &7} BA = A KT
22y 5280, 10.580 S7FRS ER13Th Cervi et al(2019)

2 HHE Aol W Pedreira pumping station 3

2.2. Mechnical stirrers

¢

mechanical stirrer (e.g., propeller, blade)

Overlying water
Baffles

Sediment

Fig. 2. Schematic diagram of erosion chamber as a representative of using mechanical stirrer for assessing sediment resuspension

(Kalnejais et al., 2010).
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2.3. ShakerE E88 S& WYY

o] A 7149 A A EFES] 3E3(0-
2em)o] GEFES v LA JtHDang et al,
2020). Oscillating grid 2 IS Fg3lo] FAH
S S8l 5 HAEY RS RIS oscilla-
ting grid chamber ¥ mechanical stirrer 7}7]83 o}
2| shakers ©]&3t HHE A< FHEL AT
o] ks B AR S HAsle Hr el
n2, BAd mEre Figh AR A 19
o] QIt}. Shakers ©l83t LA=4 =% WP
T2 780 o8l BT BRE ARRE Q& TR
L=ve LH9EHY S Hrksh=tl AR-EtH(Caetano,
2003; Chanpiwat, 2023). Shaker 7]HFe] QFEH 8=
@k %7loll= end-over-end shaker, horizontal shaker %
S E833 O (Dang et al, 2020; Chanpiwat, 2023),
shaker 7|8} @ &2 8=2F Hrl X9 dA|EZH end-
over-end shaker”} ATHFig. 3). Xie et al.(2019)> EH
£ Al WE Znd] TR S GRls] ¢
31 250 mLe] HDPE ol 2.5¢2 ¥4E3} 100 mLe]
e A7IRE F shakers ©]831 275 mpmS=E 326h
B AR ARS A v ok 2 A 27 A
F W 7nd 5= 9F 029 uMollA 326h T <F 166.06
uM= F713RS 8RIgH vl Qlth. Dang et al. (2020y
EZE Aol &g Cu B Pbe] 8ES IRIs] 9

Vial
(Sediment and
overlying water added)

End-over-end shaker

Fig. 3. Schematic diagram of end-over-end shaker as a representative of using shaker for assessing sediment resuspension.
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nMelx 672h ©]F ¢F 537, 3.75, 3nMZE FseS &
oIt} Wang et al. 2009y EX&E AFF= Q1%+ U]
7 A &4 EZE(Yue Lake, Wuli Lake, Gonghu Lake,
East Taihu Lake) W dissolved total phosphorus(DTP),
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sphorus(DOP)Q] 529 8= IRIsl7] 218l 0.5
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o2 Z7KIh SRPY 7B Z7] oF 838, 4.45, 039,
0.59 mg/kgollAl 60h 3 °F 15.71, 7.93, 0.81, 1.14mg/
kg2 F7HloH, DOPY 7% x7] <F 3.12, 191,
1.18, 0.85 mg/kgollAl 60h & <F 542, 2.72, 1.21, 0.90
mg/kgl 2 SV 21 vl Ut} Chanpiwat et al.
2023y T4 &30l WmE AFFE A =HXE Wl Pb
o] AEaEe 8= Wkl f8l 1L Edlgd
8710l 20 gAZXFH)e] EHET 800 mLe] FTE H
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=

3. E[ME MFRo uz2t HHez S8E7FsE
F350 HAUTe EXEHE] & FEUH
3.1 g8l=0f ZEE 385
drkz o= FakA 279 X E U 71 5 Me* )

SslE(sulfide), 53] 4F 34 38hE(acid volatile

sulfides)}o] ZA%HS B3l 2849 55 s I

T oH, 55 slEe ik 219 H4E U S5

o] 4 tXHdEHE ¥ tHHwang et al., 2011). 1
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ol e AFE Ad 5 oS T
= Aoz 4¥HA AtkXie at al, 2019; Zhang et al.,
2022a). EA= W A #d F3kE 2 B FEe
3% (simultaneously extracted metals)2] F2JHHol=
6M HClE 283 W] glemn, o= FEd(6M
HCH? =4 &3t& 2}
purgingS E3) 0.5M NaOH &9 ¥33la F= U
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of ARE THEEY &S ERIT 5 U= WRo|TH(Table
2) (Allen et al., 1993 Prica et al., 2008).
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2kl mX= gl diell 18] A%k ZH‘:' fr A
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5‘@}301 F439) 8hY AP AFS FPgon,
% EZE U] FeS @ MnSt thiio] Aslgion,
CdS, CuS, NiS, PbS, ZnS= Z}z} oF 25, 15, 40, 44,
9%} 2¥skEl Aoz FR1E ul o} Xie at al.(2019y=
BAE AFR7E B3 141 Zn-/] 45 4 TEs
(speciation)el] PIX= S RIS v} e} 1 Ay} F
AE AFF= 12077 OM%OH A= W oF 85%Y
7nSQ] Ak8l= §ulksla l%ﬁ‘ W sulfate & Zno] &=
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2] Znd BRFE Ak fYoE Qe FAE B
AE H3HEQ ferrihydrited] 2% FelE EATRS
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Hrkslr] el Y7L delgt F+ ERe] EXE(A E
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Aztoll 4h ERF HAES] ANF-F
= = _‘:5‘ vk Qlok. 2 A3, A HEE
8 8T W Cul %E—E %7] 3nMollA 140 nMZ
Z7Hlal, B B8E9] A9 271 15nM wRolA 14Y
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b ASTETE FHER] Ak g 8 f]jo] w
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&7 A HAEC vlEl] wken, o= B A
I FEE AR A% HHE U Ak §9Y
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T 7] 2ol AF A st At A HAE
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(Martino et al., 2002; Monnin et al., 2018; Morin and
Morse, 1999) A5 W ket o] 2(eg, Ca¥', NahE2
W HHE B9 dask SRl AW B4 4
AT 5 Qonl, HYE JAREe) 34 0 JURT
o WS BNE ARZ AT 3L 2 54 ) pH
2 A1) Wl 9 S 7 Utk (Martino
et al., 2002; Monnin et al., 2018).
ERE AN @Y w2t 852 F e BAlE o
2 JIFEFY Fe i 4°H X]é?x—?ﬁi ol Fg
Ue B 3T W e H FETh
Bor A= HiE ARk ﬁ%“"] T % ¥
e ATTE 535k S X F o gEA
K Supervill et al., 2014; Monnln et al, 2018). Morin
and Morse(1999y> E&E AFF= sl FHEANA A
ST ST NH'Y 237 B8E 359 U &3
NH4+¢] FeTRe] 8F0] ofd HEZEC| =5k 4
38 w37F53H(exchangeable) NH, 9] 85918 3213k
v} At} Shi and Zhang(2018)S EAHE AHH=E Qs
HAE A oAl 23 od B cwt AR &
2% 4 Qltja B3k vl Atk Zhang et al.(2020) 2
Chen et al.(2020)> EXE U E1SH(labile) P7} E

Heg ARl o8l 5= 852 5 Y 78 IF

ml JH

B2 ) HAE ARl BE S
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Arreso ©50] U P F3tol] st A-fre] FEFS A
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@EFsdt Pl 8201 20308 FFE IS F<
3+ v} Utk Pardo et al.(1990) 2 Sundaray et al.(2011)
& Mg 2 NH, 9} 22 tefst o]o] EAlshe 25
A5 AftE wdleet e 3458 tadst o)
£ wdEo] JS55E £59 7FsAe] s Hargh
vl 2dth. Kang et al.(2019)2 EZE AH-aA] HHE
W Akzol fdo] A 24 F, A TR
221 Afol= BHE Qe AdEo] e wibhsst
Felo] 3452 HAE ) NH,/Z dHlE & 4552 &
=2 F ASS B ub Qloth webA, EHE o] w
7¥ssh, BS e s % °ﬂ°k°é%—— A5
A2 Q) A2 857153 585 9 JY9EHY
T8 EAFEHY F de ZoFE FAHE

Azt nle} o] HAE AF-FE Q8 EHEZNE

O

AerE 59 F S AR FHHE wdlsdE
IS TEE 2 JUEFY FEURlE 1M K,

0.1M HCIL, 0.11 M acetic acid, 0.5M MgCl, & 0.05
M NaHCOs& 83kl itk | M KCE: 283 35

HE HAE dxie} A%E wdls3 NH,'S 48k
WO Z o]= | M KCKE E3 H2E xjd] Ao

A= WEFESE NHS €327 & 1M KCl 89
A 2 NH, S IS Bl 24sks ol
THBremner and Keeney, 1966; Cornwell and Owens,
2011; Kachurina et al., 2000; ISO/TS 14256-1: 2003).
0.IM HCE: &3 F=UHe B48 U Aaze=s
o1g7FsT B ool T F2 Woln]
(Barreto et al., 2004), 0.11 M acetic acid, 0.5M MgCl,
(pH 7) 2 0.05M NH H,POZ &-83+ =i 712t
European community bureau of feference(BCR) (Rauret.,
1998; Sungur et al, 2014; Zhang et al., 2022b), Tessier
et al.(1979) & Wenzel et al.(2001)0] AAE EXE ‘;-l
B9 ) mdbse WeE EAERe 40 FE 0
olu}. TS 0.5M NaHCO;(pH 8.5y E-83+ 5

S FHHE ] <3 pdrls3dl P EEE FE3le
HHo g F85 3 QItHHedley et al.,1982; Olsen.,
1954; Zhu et al., 2013). E3& A¥-fol uet A4
o2 §29 JFsyel drka YR HAE ) 37
4 9 JSAFe EAFE 1 FEZUHS Table 20 Y
BT}

E

Tmz

J. Soil Groundwater Environ. Vol. 28(5), p. 1~11, 2023



8 A -

AN - 7

Table 2. Leaching test methods for heavy metals and nutrients potentially leached by sediment resuspension

Composition

Methods

References

Loosely bound/exchange-

able fraction of P stir for 16 h.

Add 0.5 M NaHCO; (pH 8.5) at a solid-liquid ratio of 1 g (dry weight)/20 mL and

Hedley et al. (1998)
Olsen. (1954)
Zhu et al. (2013)

1. Sparging N, into a round bottom flask containing 100 mL of 0.5 M NaOH for 10

minutes.

Acid volatile sulfide

2. Add 10 g of wet sediment, sparging N, for 10 minutes and acidify the sediment
suspension with 20 mL 6 M HCIL.

Allen et al. (1993)
Prica et al. (2008)

3. After stirring for 45 minutes, the generated H,S was collected in NaOH with N,

flow.

Available metals 25 1

Add sediment and 0.1 M HCl at a solid-liquid ratio of 1:25 and stir at 200 rpm for

Barreto et al. (2004)

Acid soluble, bound to
carbonate and cation

exchange metals rpm for 16 h.

Add sediment and 0.11 M acetic acid at a solid-liquid ratio of 1:40 and stir at 180

Rauret. (1998)
Sungur et al. (2014)

Exchangeable cation

metals rpm for 1 h.

Add sediment and 0.5 M MgCl, (pH 7) at a solid-liquid ratio of 1:8 and stir at 30

Tessier et al. (1979)
Kumkrong et al.
(2020)

(Non-)specifically-sorbed

As stirred for 16 h.

Sediment and 0.05 M NH;H,PO, were added at a solid-liquid ratio of 1:25 and

Wenzel et al. (2001)

Exchangeable N

Add sediment and 1 M KCl at a solid-liquid ratio of 1:5 (by weight) and stir at 40

ISO/TS 14256-1:

rpm for 1 h. 2003
4 HE 2 H 3} 455e) RS FH HAE ) kel H9L
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