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Abstract; Pollutants enter the ocean through multiple ways and accumulate in seawater and marine sediments in
various ways, and become the main source of pollutants in marine organisms, especially benthos. Marine inverte-
brates, as low trophic organisms in the marine food chain, are mostly benthos and have strong pollutant enrichment
capacity. Due to the biological amplification of the food chain, the pollutants accumulated in the body will eventu-
ally be transferred to high trophic organisms and human beings, causing harm to marine organisms and human be-
ings, and even causing pollution incidents. Heavy metal, as a kind of pollutant with high toxicity, long duration, re-
duction resistance and degradation resistance, has been widely concerned and studied for a long time. Due to the
differences of living environment, physiological conditions and feeding habits among marine invertebrates, as well
as the chemical properties of different heavy metals, the enrichment degree of heavy metal pollutants in different
marine invertebrates are different, which is mainly reflected in the pollutant distribution in tissues, the pollutant
transfer characteristics and variability in tissues. In this paper, using marine invertebrates as a representative, the
body exposure pathway, heavy metal distribution and process in body tissue, pollutant transfer law between tissues,
and the influencing factors are comprehensively summarized. This paper summarizes the current research hotspots,
existing problems, and future research. The research direction is prospected in order to provide an effective refer-
ence for domestic and foreign scholars to carry out further research on heavy metal enrichment in marine inverte-
brates.

Keywords: heavy metal; cephalopods; shellfish; crustaceans; bioaccumulation
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A T DR A G A AR
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1 EERERTEELR ( Analysis of papers pub-
lished in recent years)
11 SCRECE A B2 A8 Ak

FIH Web of Science U A by 3 B B4 i
KA “ TS =(“heavy metal* ")AND TS = (“bioac-
cumulation” )AND TS = (“ marine invertebrate * "), 4F
1y IXTR] Sl 1995—2020 4F 3l 1k X 25 A T4 JR Rk
P, e AR R 3 SCHK 1250 R, AR & SCAE A X
GORIEAT R DR R RO IE 1 s, HEl ]
AR, R SCRAEAE A AE— € YB3l , BRI A T |
FHE#H, A 2009 IR, 10 SCHEE P 1
#,2018 ARIAFIE(H 119 45 ,2009—2020 4F4FEH) %
TSN 87 F . UEWIREE X 1 6 JE LL SR
R AL, 5C T 1 JC B HESh ) B 4 Jm T 4R A
FECBHTN AR
1.2 SCHERILEL T

FFH AR B XS B2 MR s AT iR, 3R T
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Fig. 1 Annual changes of bibliographic records of heavy
metal bioaccumulation in marine invertebrates
(until September 2020)
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mulation) H BT UK #% 5 , # 42 J& (heavy metal) 1K 2,
Z 5 M TG R (trace element), 7EXTEAARKEfhEE 4>
JEE LML 5T, Cd Hg i BUIR i £, UF
Wik 2 A 4 B U R WOCTERR B A e . A OG B R) T
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Fig. 2  Analysis map of keywords co-occurrence
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2 BEFELEHIINMESLEE ST ( Bioaccumula-
tion characteristics of heavy metal in marine inver-
tebrates)
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SRS (8] R AN oK A4 OB 55 ) S5 A0 R TR
SR TS YR IR IR I T TG HE 3 W
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FEAR RS WA ) LGB A BT 25 PP Lin PR &
B, F M T 5 G XN 11 3E B 52 0 1T (Ruditapes
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4 JE W B R IR VA O, X TR TR ARG
IR R E S ONIE e e R A
ARG GRS, HitEgK TR S
BRI SR FREGTESE S, BIEEER
FFARAE T KB A0 2 A T /N AR R AR
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Xf 2P 42 8 U R B 4 BE 1 B s T H AL R, X
MM E TR B e 2
T8 (Scylla serratayWAFTERIRERYTEBLE T AHY
— BT TCEME S WX IR AR A= R AR
A TR IREE IR K 5 TR IR B A2 A, JC Ik IX 43 42
JEIE AR B S AR, R Bk 2 Rk ARtz 2k
A=Y 4 AR R R EL X A T, (E AR
AT LASE Ao E A R At 2 2 v B 4 i vk B ok
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P37 G Y
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Yrokul SR ERAEES R EENR EZORIE, La-

coue-Labarthe %™V F B 1 7 15 14 AR C° He ) BF
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IRAR T 5 Je 0 TCHIL R WIS AN v Ak Bl ) 27 it T
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mg- kg™, iX 53X 3 i DU AR T ST S UTA G .
[F) R A Y DL (H R IETC/K A, H R o sk I AE
SEAF BRI ST IR Y RS B AR5 5
SCHE N2 498 1 2T PR SR, B R KA S5 | ik
IKE SR IEATIE NG SN PR AR A A5 U
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EZRFEEGLERAEYIME IR E IS
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Table 1 Burst detection and classification of keywords
53 K] R R TN
2009—2020
Type Keywords Strength Begin End
N Ml i Mediterranean Sea 3.1349 2014 2018 __ -
TS YA O o
M Ocean 2.779 2014 2016 __ m--_—
Marine pollution "
HE BRI Biotic ligand model 26019 2011 2013 o omemew o __
. He A B Life cycle 3.095 2009 2011 -
iR 7IEVEBS g )
E IR 5EF Tropic transfer 3.6473 2009 202 omomemww_
Food web
EH™ Food web 29104 2017 2008 _ -
W5E 4N Bivalvia 3.1729 2014 2017 _ _ EeE e __
YA e SERFIEAR G DL Shellfish 2658 2018 2020 ---
Accumulation JEATC B HESY) Benthic invertebrates 26019 2011 203 _ _ omemww_ o __
characteristics H1 572 Crustacean 3.1823 2010 2012 _omww
KA TOBHEA YY) Aquatic invertebrate 3.1823 2010 2012 @ omemww_ o __
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(Sthenoteuthis pteropus)VK N 4:J& Cd Hg EI0RKT
W BEVEATINE | [A] A 3 o 115 A B R B AR A W]
fZRGEC M 3N) HfE kB E AL e LS &
PR B AR AP 3B AR AR f 5 A
Sk UM 2 (Loligo vulgaris) , S ZE fii( Nototoda-
rus sloani) K F W Architeuthis dux)Z5K ] 1Y 4
J& Cd Hg MM FE, A I Bl B0 28 (K Y Cd
e BE S AT LA i e B /R 9, O 747.80 mg-kg ™,
XEHHAERYHEDEFRREEMCCR, X6
PRI SR 36 g Ak ) FAGHS B 0 R 1T [ e 5 Ak
HhAS AT SR T O | I i 3 ) VA T SR R A A K AR R
HEFRYER %S Cd 456, [FnE, i34
FaEM) Iz, BRE /NS RN S Onych-
oteuthis banksii) /N 2 Qg & £ (Myctophum af-
fine) L S — 46 H 52 3 WK [ /N B (Hyperietta vosse-
lern)FFHY X A W AFAE — > TR R AT RIAAR P Y
SRR FEHEH S, 2 THRGEENR
L FEORF RN RN E SRR B
2.3 MEVEICHEHESY AR ) B SRR
TERZECEFEDYh, EEJR E RS 5%
F/NRIEFHICIC R 2RI S PINAR [F A/ NRA%
M FE 5& L 6HER ( Litopeneaus vannamen) 1K N T8 45 J@ &
SEHEATAIN , 2 B HUAS A A A N 4 R B
[FI AR/ NEAS AR i, (HJE Seco S5 3@ it A FE B K
T 8 ik ISR Heg & i 28 1k & B, #8533k
JEZEAEY) He W FAEIS /A — AR IEAH GG
F, BBk R IETE L AT B B o i 4 e B DL 2 A5k
Hg A 505 L RE I R 2E W), TR ILAE D) 4F B BRI Hg
1) B B T A AR KRG R, (ERAE AR s
JG SR AR ) He & 4 5 /0 IV 3
Yy, R ek RIS IAR N He 19 & 48 S K 208,
RN T 2 PR, Ry
Bl A 3G AR N 1Y He YR B2 RN BEAIK, Cd ., Pb

WA LA Al BB i D2 AR 1 B0 Ak
A, EE RN E S E R E S AR KN B A
ST O PR I AR, LR TR S AR AR L
BRI B 5 55 o 4 i e 3 He e HLE/IMA AR 18
B IS, 22 i A SR AR N R S 76 %
2.4 WHFIEMNYEARAL (HE) & LR

RS THAEYRNG S 5L UM b3
SOTE 1 BT R Wi A A RN B ARAE | 3 A G
PR A i — o B & B
O THSEE A E RE NS IRE, )
HEARRMEMNS G, R Tk, 15 E
SEE T T AEWRANZ A RS SGET T, B
M EUIRe EEmFRMES BN S5
AT FECR A E S BRI A 25 (B A
NI DIV N DR A TR AP <IN NP ER e
B(F#2), TREEPOXTIRE L 75 R E 5 5
(Mizuhopecten yessoensis)/N AL 4 FhE 4 )8 &
AT IRA ST, A BRI B B D1 PRI AT A o LD
JRIE) 8% ~15% ,fH Cd . Zn Cu Fl1 Pb Z5 0% B
(1 76% ~85% & BULE N HEMT o, SR B N ESE Cd P
HFHEMILRU N Zn Cu FOFT LR FEHEN
Ho FARBRALEHEEICEHESH Y 8 775 . Bus-
tamante 250 & ILTE I W (Sepia officinalis) (1) 11 1L Jif
H1 Ag . Co M EE T2 B 91% ~95% , IEW] Y
THALIR X 2 FPOCR M) FEAEFAE . Kim 5
ST FRHH , K948 22 £11( Todarodes pacificus)iH A
PN Cd.Zn 1 Cu ¥ B34 5 25 T WL b g ok B, O
HE AR Cd IR B NLIAI Y Cd YR EE Y 310 1%,
[F] M A B AP S ) R A0 (T, eblanae) , HoiH AL AR
() Cd ke BB s T A 2 H 522849
WAFAEZEUIE L, Bordon £8P % P35 ¥ M8 ( Callinect-
es danae){K N Cd . Co Fl Pb %5 5 4 J& JU K 1E M0 ik
JE Foe iy, FLUOR IR, FE LA Y 7 e i

R2 BELEHEIMENLRARA(RE) R CAKE
Table 2 Concentrations of Cd in different tissues (organs) of marine invertebrates
(mg-kg™")
YrFh WA bER2EE FoAth B A e vk FE R 2H 1 Z:7% Sk
Species Muscle Digestive organs Other organs with higher concentrations Reference
WFFEFI I M. yessoensis 2.05+0.10 51.52+598 AR Gonad: 4.79+028 [50]
A T eblanae 16422 25+26 filf. Gills: 5.7+5.1 [53]
N AR TR B .
0.001 fi8 Gills: 0.003 [54]

C. danae Lower than detective limitation
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S TCR ARG IO HES YR N 1 53 A 1% L 38
JRFRE, W Hg (As, Tanaka 55575 i [ 25 g 1 3 il
HEATLRLXEY AT E Hg As B3 M5
R AN TF Cd 7R AR i e 19 40 A K
As 7E 3 Tk RRA WK NI eSS DB,
Hg WI7ETH IR th & s3I B b A B rh S
5o Reichmuth 255 &5 n] 11 s G A1 335 X3k i1
W55 (Callinectes sapidus) WL PR F1JH JiR i b 22 i 4
JE B B O, & IAE 5 Y DXk 1) 5 8 L He 19
W B I R T A v U B KV T X P Y
WEEE RS Y KA K 8 A e, HAR N Hg v B B
T HVLPA e 4 vk B 5 TR . Hg \As
TEU I TG HE S 1A 8 08 3 A IR TS ) 46 )
B i 0 I D) e H 4 AR G E ME Sl W 1 4]
R, BB YIAFRALASE P EA S
ANTE LR & AR P A ] | 2 5 B MR B AP AR 22
SR R A
2.5 MVEICEHESI AL R SRR

A B TESE NG TS YA NS AT LAIEA
ZUP R AR BRI NES S S e ik
AR T, Z 5 23 Bl I 732 i 2138 4 B 45 4
SURNERE 5 WK FTTRR ) 34 18 ) 253 5o 8 55 48 B 1Y
B4 0 HE A B 0 O FEAR PR R GE Ik B 4% 2R
#+'E . Raimundo 5 F7VRIF 58I A 4 JE g T 25 5 £
(Dosidicus gigas)VK N 4 J& B £ ML LB, FLor
FAFAEM T AL IR (B Cd , Co) B fE.(Un As, Co) ] ShE
MRS, T Co B4EEZE B, B
TR 44K B, LSRR DI, Wik
TR A AR K AR Co i AR (IR 1B 75 7%
ZHMENE, Cd IR I B T 10 R %) i 15 g
AR, 5Tk kot 54 BmE RS A 1 Cd &%
HEISNER T, As T BLBCN R, As TERRBE T L
A HLEPFTCHLAN X 2 B A7 7E , ToHLah A 35S

P AR B

During maturation
Cd
L

S|

KAPrErE el

T. pacificus

1
\ 8
R Ta

Nutrient

4

mA P&, HS S 54 ka6 58 m
(C\sH,, AsO,), iz it 5 H 2 W2 #lt = il (glycine beta-
ine)Z5 AL, H 2RSS — 2538 KR 5
Jo B LA 22 i) Bl 7K B A2 Abse w4
YA TGS X 3 2 Bl T, DRI 238 o A8 [R] 09 e 3 1A
WS B S B, X 02 As FE Sk R A YIRS A
g e )5S R N L o A< E e T I ST AR
BN H UL, oK S W58 Cd X I (Cyclina
sinensis) I S M FEME S HAE RN E L, 72 h T 4G
RN AL Cd W B = AT AR U - 68> P I 14T > L
N,72 h G BEE WLAXT Cd (1) & 4w L i, v
I 25 “hy L PR > PR U A >

Hg 7R T HESI YR N I B IR 35 e
o LSk EZHH) A RR(T-He) Z 5, &
THARRR 2 H Ak (2 R T AR AR 19 25 F B A
AR, BUA K5 B A HLKR (O-He) fA1E. H
T O-Hg (b=t i e 1Tz -5 WL ) 3 R
Fg Y BrLL O-Hg MM ERESE LN A SV, 551
ShERE He WeFEE T, i T 2R P 2 A,
RN HOR &, IR o B2 0 i DLy =k 2
KA ER T Hg & &5 Tt He & &
OB T

— LAY IR N Zn S HEE B WHLIA M A
K MNFEFENEEBRZHR AR, FHE
TGN LAA-FERE F A1 (T, pacificus) A1 2 [ 1 I ( Sepia
madokai) 5], B 5 2 Folt A= g DS I 1) A B 1 e %
Cd.Zn Fl As W1E 00, KB 2 Fhsk AP PE IR
Zn Fl As HE S NPERR R 2P, BT As &3k 2
FAEW A ) EE B BOOT R R R R Sk
RRAEYRVTEICER . AR 2 P TEAFE IR
R F R, KO FERE R R Y Cd 2 )
% | b [ N A X R B (K 3), e
LRV TG HE S AR Ty T BT D

R .
S. madokai P A B
Zhik During maturation
Juvenile
As
As S As

@ Zn, Cd 2o A
y . As
Nutrlent

3 KFFREZFE A ( Todarodes pacificus)F 5 K 2 (Sepia madokaiik N E & B 940

Fig. 3 Changes of heavy metal distribution in Todarodes pacificus and Sepia madokai
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3 BELEHEIVESREEEHNEZE (Influen-
cing factors of heavy metal bioaccumulation in ma-
rine invertebrates)
3.1 HEJREZ BIAHEAE R

I T T HE S 4 3] 1Y) B 4 B AN 2 PR —
MIFERN TR, PRI 5 4 R Y 2 32 B [R) 2
HEBICR A TAE AR, RN H A 48 1
TR 2Bl oy — Tl o 4 Jim Wk 32 100 T vy T ' vy
ik, AHEAERIRT 4328 4 FhEAY . S5 H0/E T A i
R B A S AT, e Cd 55 Zn Cu #9
i IEAHOCOC R, BRI 2R Y Cd & & i 1Y it
PEICHEMESN YR Zn A1 Cu & EL &™), =
R R EAEH] . X2l T Cd BRI
JIE B RS HZUR A M IR B R v B, H D &R
T 2 1 (metallothionein) 1 7 f2: 4 /&y , [A] B 33X 02 1%
W) F 2 G AL, SJEmE R — e mE S
HE L TERA T LIS & 2 Fh &8 (0 Cd), LA
W IR Ak A7 TE AR Y, R T 3k B B AR RE P H
8 Zn FEVE SRR AR T A B EEIEN,
AJRAXS Cd HpEE R B PR ™, R AE R R
Zn 5 Cd BYMRPE CHRPERR . ez, An SR R s /K A
H Zn BRI RS I, AR B 200 Zn 1)
WeRE B, M LR T Cd ., Cu YA E SRRSOV,
Liu Fl Wang™ 4%} Cd Cu 5 Zn W) e K FR
KAEFABLSE, 45 3 ASFPHE B A #s B 4 W5 ( Crassostrea
hongkongensis) 17 Zn %% @5 AL 3, 4K J5 D 2 Herh
Zn ,Cd Fl Cu 1Y & HE 4, [A I 5E 2 28 A A s
FEHWEREERY Zn (Cd A Cu (& 42 I F 0470 b 4
BT, e 45 R W] | Zn B 58 X $ 5 7 s E AR W A Ty
Cd Cu R LR R E EEAEHEE 3),

Hg 5 Se W& AR IEAHCK R, fEHAR
H, Hg W LA HLR MITEHLR 2 FE A4 7E, —# &
RN EOKR , AR R T IEHLR™ . Hg JCR M

Se JTLHR A HARMMEF T, =160 T /K1 LA
HAER, oA w5 A AL R A AR (HgSe) , 3 28 iy
VR EZ A AE AR B2 45 B, [T HgSe &4 19 B B
W2 He B2 H LA SR FI TS 3T Hg 19
BEME, Se AMUBEA BT Heg FEMEMAE , 1 BXS 75
A #EICE A1 Pb ., Cr A1 As S5t AT WA RO FE ™,
R L, A 5% 26 B AT DL s AN Se/Hg ke 4] W B
FrAE ML R 75355 He v 2 5 B (B B2 75 4 BE
i} 2% Heg W i T+
3.2 HEEHNER
3.2.1 FAEfk

PR DU AR Y I 4 A B i S Bl 2R AR AR
3l Bendell F1 Feng™ X} &2 v 4t ¥ 5 19 K- 7
FEU (Crassostrea gigas) RAf , Il g AN [R] R HA A Py
Cd Fitmy A1k, & B4 22 R A 1 R T A W R Y
Cd W = T H 2R A4 Wi R N Cd YR, LA
AR RS TS kA AR, A e
TR R AR A | S B U R RN 4 R
W, AN, TERE Z HEXT Cd TS BR R FIFER
R 2 50, N> T Cd sk, TR,
TGRS BRI K (B F R Cd)aly B 3k
AERVR B2 PRI ) 1) F A , T 30k S i
RS R A Cd IR AR/, AR Cd & it i
o, R, A=A AR Y Cd LR R, Li 7
ORISR T RELS 7 A9 H 11 A4 AW
YA Onchidium struma)BEAS I 5 AR N 2 5 &
BB ICEMNWREE , R R A Cd Pb FI Cr
B B S T A Y M REAS | S L IR IE T T
BN E SR W RS Sk AR,
3.2.2 HfEHM%

SAEING G TR HE S Y B 4R B AR M R )
FEARIAE AT B MY, Maar S FERF 5T
FEIRLE NG DL (Mytilus edulis)iA& N Cd .Cu Pb Fll Zn %

R3 Z2In FERBELEENYEBEHYR ( Crassostrea hongkongensis)) NEHR (R E)PEERBIRE
Table 3 Concentrations of heavy metals in different tissues (organs) of marine

invertebrates Crassostrea hongkongensis after Zn exposure

o YIRS (mg kg ™") S LR I (mg kg ™) WRBE T E 4 /%
JUE
Average initial Average final Percentages of concentration
Element .
concentration/(mg -kg™!) concentration/(mg -kg™!) increased/%

Zn 139033 6 23833 448.70

Cd 1.17 587 502.86

Cu 313.67 1 254.67 400
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HEEEITRAEYE EW 2w ZE &, 5 EH
R PR R R A SR U A
B0 TCEHESh YR 8 4 R R 1 A2 Ak
TR UTAR Y v %) B 43 B AR i T 3 , 2 B R AR 7R A
FE IR BT B H 1, 18 22 16 0B HE Bl g 2
BTS2 R, BATCT H TRk 2
RICEME Y Z M R BN = | T2 G
SEAETT RN IR AIRIESE .
3.2.3 pH 5iRE

pH B 2352 M B IV IO A 2 ) 4 e i 4R
YER ., JoHHESh YA 28 T s B B Xt O, ik
FE U™ Lacoue-Labarthe 2™ iff 57 & X, pH
REALR 2 52 M) 5 A ) 9 S 375 1, 3F 7T 2 5 Tl 4 i 119
EYrESE, Y pH FRIKE] 7.85 B, A REICE Ag &1E
FRAL £ 1 T XN, U R5 U0 E Zn JE AR Y 5
23btiE pH REAR I T i (A E— A B, FEK
PRDUAARPY pH X Cd & 5 0 52 i B2 B A T A [
Shi BT & B, 5 1E % ¥ 7K (pH 8.07+0.05) 1 A4
K1) SCHA (Meretrix meretrix) A1 LY, A2 K 7E pH 7.8 Fl
pH 7.4 7K i B SCIR AR T Y Cd 43 SR B R
121 f5H11.32 £, PTREAY IR A . ()R 1L 14 ¥ K 15 1
T L AR Cd RSB Q) TERR L
BEAS T SCIA XA N Cd A9 HEH 5 Q)M FERR B3 I T
Cd HyH s A K vp Cd®/Ca®t By MR E , ki BS hn T
Cd i 4538 & P L, B 1O T R A ) T
FEICEHESI IR P9 3 4 8 4R MBI 58 30 AN 05 1A
T B ZIRARFS

4 THRRE (Outlook)

ERE S % € i) /B R 3E 2 SR ¥ 5 W A (R AU EAE N1
W, o R 2R IS SR Y R A=),
MR E R R EA 5w R E )RS5
Yy o AR AT BB R S, A SC LAYV T AE
YRR S, MHLIAZR BR iR 1 DR S0 A1
I Kb B V5 e WA 20 4] 9 e A A R AR b TR
4 NFHAT EHH LS T 10 42875 34
7 H B O HE S W A N 1 43 A FE AR R (H
SEAAFAE— 6 ) (BTG 2 — AL A5

(1) B X TV 3 TG A A S W AR TS G
R R E R TS TR (BN TR B
% HIRAM B AR DL A [A)15 G ) 22 6] 1) A0 B 5%
Mo 55 7 T ORI 3 /0 EUHE A Ja TS HR el DA kL
BERRNGQe ) A ARG A A B A8 B X 15
P A ORI R R S A 25, IF

S ARG AR SR, T T TR TS e
TEMEAETCA MES IR A ) B AR AL

QYIEFFEICH HES ) h R 2 X RO S SR 4
Ay HIE AN B ENE R gy Eh 4
HIBOR G  HEA R B SRR R 20 g 7
FERA AR B FIRE " A5 00 P, 5 SE0 58 mT
SR HIRER 3 7 2 AT AU I, 00 ey AR K
F VRN Z A P 2R 45 i S B0 5 2L B R
TSR AR , LA 35 Gy 1 B I o #) A Qa0 Fek ] 45
FHOAIF S AT L oAy 9835 i A5 BB ) 7 (A 2 A
AP bk

QYRI5 R Y P AR R — i S i A B
PBE N AAR V2B 53 109175 G ) v B ok v D) 2 %o
NG SEE , AR H AT A AR N B0 95 e ik
JERZAEFRVFHR BEARUELL S  EA ZOR TS i
FEAEVAR N TS Y s SRS DUEA T ™ el T
FEICHMESI NS T HAR My o 5 Qe ) HAT B Y
W ARRETT , H 250 R B AT AR i R WY T 8 Y
/N PR RN Gl 7 S 1, DR e 5 v
RO NG ORISR e SUNENUHIRE S 2 L7/ (B
NG R A )

(@) AR R 23 (1 AF 78 4 v A A 5 K TS e
TS RAROLR AT, LA KR RE 7K S8k il 8 5 52 75
FERESE R RN 22 2 B ], ot T 15 Qe Wy e i v A=
A BTG 2l AT A T2 R, Xl 30 P Sl ) 5 i
FERD o DA I 7% TR — e i FEl AR B
TR R ICE MESh Y 0 RS SR PO TR
S0 A B AR 5 Je s SR A8 I Xl Bt 20 14
TR LA i 58 AR S A ) P 7 A BT A R

BIEE B 5 A(1988—), F , 1+, 30F, T 2H R F &
AR ESHFRSE,
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