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Abstract Trace. elemenls which are important chemical components n the ocear'f generally refer to those chemical elements with concentrations below 10 wmol -kg ™" in
seawaler. Soine trace eleménts, such as Fe and Zn, serve as essential micronutrients for marine organisms,, which regulate marine primary productivity and are closely related
to the biogéochemical cycle of carbon and nitrogen and therefore affect the global environment and climate change. In contrast, some elements, such as Ph, are anthropogenic
pollutants largely released by human activities. In addition, some trace elements and their isotopes can be used as tracers for oceanographic processes and proxies for
paleoceanography. However, the high saline matrix and extremely low trace element concentrations in seawater, as well as the contamination from research vessels, sampling
equipment, and the surrounding environment during the process of sample collection, pretreatment, and analysis, have restricted researchers from obtaining reliable trace
element data in the ocean for a long period of time. Nevertheless, high quality samples and accurate data are prerequisites for investigating the hiogeochemical and
environmental behavior of marine trace elements. This paper reviews the development of sampling techniques and analytical methods for trace elements in seawater, introduces
the research history and platform construction activities in Xiamen University in this field, summarizes the advantages and disadvantages of various sampling and analytical
techniques and methods, and presents the perspectives on future developments in the research on trace elements in the ocean.

Key words: seawater; trace elements; clean sampling techniques; pretreatment; review
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Fig. 1 Towed fish underway sampler in the Xiamen University and its deployment aboard the R/V Tan Kah Kee
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WoltTid (AAS) FIHLEAE & 55 5 1 1A- ik (1CP-
MS) , W55 & A 1 R BUE & SR BT R 4
Br AR WK i h B I XA AR5 5 7 AR T2 BT,
I FTRESS ZEALARAE [, i SR F 3 24 1 Tl 4 BT v
H IR i TC 3R IR 10 5 ER IS P 70 B HOR I s Ak
4. H PRI KR B T 3R T AL 5 ¥ 32 A SR TTE |
205 WO - J 4 BRI 2 6 ) i [ R 2 B ( solid
phase extraction, SPE ) 4.

PO R AWM B £k —, BA
D | R R AR A AL T T
KR L TE 2 BT AR IO SEUTRE (R R 1A CotAPDC
HUTRE R R Mg (OH), FEPTHE 1R 2250,

1T A - @sz R & W ( a.mni‘olr.ﬁlirg_d

B, AT 5 e T I I 1B R T i
Boyle 45" £l Co. 55 APDC [ BL ATV, # 7
TIEUFE- 1 B I T Rk T 2 2 K

- ) | i/ ¥
1-pytrolidinedithiogarbamate , APDC ) 2 ﬂ‘}ﬁi}%%ﬁ

CodNi 1L Cal. W 5358 fiiek b A — i

IRFE2F Mg(OH), YL3E, 437 T Mg( OH) #3970
- [AIL Z H Be- 1 23 PR ICP-MS i€ KPR K h
IR Pb, Cu, Cd FI Fe BYJ7 1k, K R AT ik
pmol - L. ™" g 5], Wu' ™" 8 gE— 2 & T WE LT
EAETE, ST B A 500 1500 S AR 454 R
EH -T2 PER ICP-MS I 5E J7 ¥, WHEE K Fe 1
KR ZE ~2 pmol-L_l, It R T H F
GEOTRACES Tt H i #F it 43 Bt (H 2 2L P0TE 1L X 2%
PR G ER & EROCR 2 SRR, ok — K A &
££ GEOTRACES % H #LE i Al, Mn, Fe, Co, Ni,
Cu, Zn, Cd Fl Pb SRR R IC R H AL
WO B TR AT AR SRR G i R T

B - AT - R FE UL JEAE pH =4 AT
WA APDC A1 .2, 3 R &L H R —. 2 BL 5k
( diethylammonium diethyl dithio carbamate, DDDC) 5
MK Cu, Cd. Zn FIl Ni IE RS W, 2 )5 A
DR B 45 ) DAl 7K RS AR A B3 15 ok, P
TSR AT A IR e R AR IRE KM, d5e )i
A B P IRSOGTE  E  %  E SEATA
Ak 200 A%, R 2 AR, KRR AT ak 0.2 ~ 10
ng- L1 BRI, %007 B3 VR Bl Mk LLSE B B Bl Ak Ab

B ANIE A AL B AR A AR B 3T T A S
A F L.

B R NR B AH 2 O 2 AL TR b AT RESE 1A
XK HP IR BTG 3R IR S WA T S B
Wi L B e A v K LAy B A e T
5 BA BRI ERMCRE . TR A
PREEA A, TR A 3 0k ik 22 1 DG 3 g %
RAEEE SRR T BESL AT, # ] Tl K PR oT R
LRI 2R B AR A R AL R S 2047 3 2R AL, W
SHE T2, 1M (iminodiacetic acid, IDA) ™% KRR
= 7, 3 ( nitrilotriacetic acid, NTA) ' DL K 2, —
JHe = TR AN 28 3 —. £, TR 52 45 74 (ethylene diamine
triacetic and iminodiacetic acids type, EDTriA &
IDA) 62637

Horp IDA BRI F K8 £ | 32 AL §5-Bio-Rad
INFVE Y Chelex-100 . Alltech 23 ) 1€2Chelate |
Tosoh Bioscience=4 Fl Y] Toyopearl AF—Chgl‘z;te— 650M
A Dionex 24 MetPag CC-1 %5, 514220/ 43 60
SEAR, Riley 5 [#H Chelex- 100 1) 1 545 4y 2
AKPIREICR, 2 J& Pai S D RARBE S
VORI M ERE A 4 AT T R )
Z AR B HERCR, (LR A I 1 P U2 VA pHL (LA
B AR P 0T, ELXE Ca P Mg 00
R PR B RE UF%R , — R LR T e S A
%" Dionex Metpac CC-1 F1 Toyopearl AF-Chelate
650M R JEAATIASZ pH 520, T LA RO 2 5 0% B
MK IR IR IC R R % e 1 4 ) %) Of B e
55, ILAF R AR AL 4G GEOTRACES I H 78 P i) 5 7K
I TCRIFFT PG 3] T 20 %L Qiagen
S HEIBY NTA Superflow J& NTA BRI g () #5435
Lee %5 FHIZM AR & 42 KV K ¥ Cu, Cd. Pb
M Fe, 75 1.3 ~ 1.5 mL 7KFEFT 100 ~2 40045 NTA
AU B, % 3X 4 Fh oo 2 A9 A PR ED AT 35 ) 0. 12
nmol:L.™' ., 6 pmol-L_1 . 0.5 pmol-L_1 M 0.07
nmol - L™". i JHl i i i th %2 B, IDA U1 NTA B A%
JERIANIRITC R Y o 4R AR 2 pH 2 RBOR, Tk
— Pk B % GEOTRACES 1 H 8L & %0t &,
Milne %V YE /3 M7 R PEIE K ) M, Fe, Co, Ni,
Cu, Zn, Cd H1 Pb I, 5t A 8L Mn F1 Co Hfie {68 46
AN T H AT R T Z R pH, 5347
AR

EDTriA & IDA & & BIRHE 22 Hitachi High-
Technologies /A F) 4 =1 NOBIAS Chelate PA1 # 5.
ERIEKIHEENIEIREERGY HHE T
S OTRANE I — LRI I RESE T, W] 5 4 R B T
TR 5 AECALEE, PRI R 468 Jo R BAT I R Y 2%
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R W RS fE pH =6 BT,
NOBIAS Chelate PA1 14 i 7] LA DA IEZK H [H] B 5 4 53
B Al, Mn, Fe, Co. Ni, Cu., Zn. Cd I Pb £ 9 Fl4:
JEICE , HX s+ 4 )@ oo R B R BR At 99. 9% . Jt
T NOBIAS Chelate PA1 #f g (1) {1t 2 14 fig, Elemental
Scientific A FHEH T seaFAST 2414 H 8RB ILE
HIALFRSHT, 74 + 0% S GEOTRACES i H G
RO TR AT AR 8 T 0 AR K T T
IRIRTEITCER A5 AT B FIAS L

AAS BRI TIE &£ B ENREITR
FEARAG B 45 S 0 A6 D0 T 32, AEL 2 Bl o 45 b 25 AR
1CP-MS S 14 T T RS K, 3 4 ofe i ofe il 22 114 S 56
Z A0 T ICP-MS LA . 5% Ho R 3224 . 1CP-
MS A = i RO, T AR 2 Fhon s ;
Bh B B 1 RlE B/ B2 it % R ( collision/reaction-
cell ) ™70V ol SR FH 18 43 9% SR M S, T LA RECTH BR
A0 | A0 Z R T E T L BT LERHITE

LR BRI HEA T 5, A LG I A5 1Y 25 R 38 w5 DA Sy
HEAE(E O
2.2 fREI T

i B o3 vk A RS BAS A
BES 43T (flow injection analysis, FIA ) 2 AR 4431
DT R BFE BH A 375 1 K 227 ((adsorptive cathodic
stripping voltammetry , AdCSV ). H: | 436k 4
FE93 6B ¥ (spectrophotometry , SP) | fh27 & Gk
( chemiluminescence, CL) 1 %¢ 3 7 ( fluorescence ,
FL).

AT -4 T HAT A S8 Fe, Co, Al
Zn, Mn Fl Cu SEITER W 5E , & D IC R RN J7 v
B A RSk an R 1 pr g, ARl L #5400t
RTINS B AR oA A B
SEREA T O LI AR 3 47
07 B 4 i FL P T RIS 6 2R (9 B 5 R S
TR MK B S 520 15 T o

—

®1OBKRREREORD LS FREUEESLE || e 4
Table 1~ An overview of analytical" methods/for trace elements in seawater using flow injeetion-molecular spectrometll*y -
TE Ik /3 ¢ [0V W L smeme L (o
— FI-CL Fe (1) :Na, SO, i J5UR , EiHe luminol-Oy (2% JE1: K il ¥y &5 F 1-1 [72473]
S EECUEe(l) :Nay SO, I, % SPE ﬁ%ﬁ (,gj) J& , FEH Tuminol -0, f2F £ () < o8-n2 __[32] ,,--:j
“Fe FEECL Fe(1D) :H,0, %1k , G-SPEGR I Fe (M) A5 A luminol-H,0, b ZScE M+ 50 [41,74 1%
” FI-SPE-SP: ( H,0, L) SPE T 42, Ay.:'/YJ‘:EF'%xﬁ"é&:nﬁ{ém%m)ﬁrgw@ﬂ 7 24 ~25 (75,767
_ RI-LWCC-SP, 2 W 2 0, WS I 5 R S R L e y 100 [36477]
Co | /1 FI-CLIZESPE m Ak, 4B = M- S A BV g e SOk i S ] 5 [78]
T 7L FLEL: % SPERRR SO AL IR MY M DRI 156 K 100 [79]
/", 7 FISPE-SP.Z: SPE GRS K K S-Al S (a7 6 6 HE 1k il 800 [80]
Zndl FI-FL: % SPE & #J5 , H] p-Tosyl-8-aminoquinoline-Zn ¢ 14 R K 60 [81,82]
MSI-LOV-FL: £ SPE &%) , FH FluoZin-3-Zn St Z kil 20 [83]
Mn FI-SP. %t SPE &4 /5 , i Mn fi 4k = BUR £h KBS (AL A Stk (543 D ' 8 v A U 30 [84]
FI-LWCC-SP : Mn i {4 5 LR 45 40T B (0 FL A 3 b 0, VRGES D T KOG RR A3 6 B2 e AG 200 [85]
FI-CL: 4 SPE &% J5 , JHARIE M MR-H,0, & G F A6 300 [86]
Cu LWCC-SP: ¥4 R AR —4hEE 64 VeI S KOG AR 431610 B i i T 400 [87]
FI-LWCC-SP: Cu AL I H IR SR 2k SR S AR 0 | 00 R A o B2 Bl 230 [88]

1) FI-CL FR i shiE -2 2 63k , FI-SPE-SP /R T sl 3 5 - AR A - 43 6 6 B ik, FI-LWCC-SP /R i 3h i 59 -t 5 S KO0 R it 3 3 - 4006

SCREVE | FI-FL R 7 80 1 51 -08 6BV | wSI-LOV-FL &R W0 1 5 -8 b S8 28 - 98 0o

W B A 1 AR 2 3 Ao A o 4 5 B i AR
FE A GO , — et HREIE oA~ R BT £
PR 2 5 T 5 4 245 B LA T R AR S R e Y /K I o
TLRMANGE GTEE S % AR AL
2.3 ATk

JEUASE B 125 S A0 AR 0 40 7K A R 5 v 5 F IR |
AIMTFEIC LSS, — ORI AT B Bk, ELRT LA
HELEIAAT 16 A0 A S B A T BB A, R B
A8 B R PR R A I RN s T - POk, S
MR 34 7 AR L, — 5 AL e B A L B
W —Fhoo R, 5 H 7 e A 50 B AU R 00
%6[89] . !Eﬂ;]l[‘)()] . %ﬁ][‘)l,‘)z] *H%SZ::%] %//I\ﬁﬁ%[%,%,%] .

HT T B M SR L 7 e A 2 B o A 2 m] e
SR TEE M 7 A5 S PR 5E DR 2R AR I S 250
HE BE ARG, PRI 5 B8 58 70 25 B8 45 Rl BRI TR 3% A0 32
R AT TE 0 AL S A 925 114 R AR NG H B A
ANUNHAB ST I 1% | 19 JCTE 6 2 T I R IR R
Y ol MR N[ 8 o< A R 4 R W N i S 53
AR 11 A5 B e FR KA.

3 BMNMRXEESERETEAREIEIER
GEOTRACES-China I X3 B

FAE 20 e 80 A H I TRk 4T R T
KIR IR T RS, IS T Co-APDC 3t
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DUET R #E K Cu, Ni, Cd, Fe Fll Zn %R0
FIa, PR T W o3 6 B VR A T I A ) — FR )
SRR IR O R A AT o R B T AR
FAVTRTIT & T X Sep-Pak 1 FIA 7L 1 & £ 1
KT TR M43 6 6 B 25 0 7 ¥ 7K R B Cu 1943
Mok s PRI 450 I # Sy T R sl v SF-C18 d
FER AR LR T 4 - IR TR o e B v,
I RE K PR A Cu, Niy Cd 1 Zn, K HE R 5138 31
1.10,0.85., 0. 18 A1 0. 15 nmol-L~". (H 2, i Tk
HORMF R R A 2, R X 28 3 B 7 vk H
P34 /4 (03T 11 R 3 o KRR .

R T i B iR R TR B S T RIS
W T 3 E R 2= A PR EIR &0 R BT 4 4
WOETERL, JB 1K 2 300 16 0 1 PR 35 A ) 5 o 5
AR LA X A T T B 350 mP Y
Jo G s B R R VR R BT R A, AL DU
IREATC R RLIR 7 2 ¥ BT HAR Y T2 1455
Wy RS YRS TAEG PR & T Wk ik
9 MUK RS seaFAST 2 4 H SfE 4 WG £ 1
TR A BR-HERE 255 | OB AT BRI 45 8 F A
A ( Quadrupdle ICP-MS, % ¥ Agilen “_7.“7:90;5 /%
Helfeyts R A5 1 UK R (L (MGACP- S 3 [
Nu Piasma HR) %ﬂ%}é}'@?’?m ﬁﬁ%%?ﬂ%ﬁ EE;E?\:*%
A B T R EA (Element XR HREICP-MS (1[5

Theffmo Fisher Scientifie’y B E %H 1Ss. Teatt %ZJ}H__;

BT T —# s W s A AL R
Kb TR 3407 5 5 3 )Rk T 22 A0, e
T GEOTRACES-China 11 H (i3 % J&2. [ali, 446
EIRE PSRN, #ER T ENEE/R G
GEOTRACES i H ¥R i i i ¥ R AE RS (K 2) , 1
2017 4E A1 2018 4FE B Y #4471 2 1~ GEOTRACES-
China 1 H 19 # it & 2019 4 % L T
GEOTRACES-China W H & A~ H B Bl FK A F 3¢
Jiti 1) PG O P A BB 18 25 T I ( GEOTRACES-GP09
Section Cruise ) ; 2020 4F ~ 2021 4E X M Sh$hA7 T
GEOTRACES-China Ml H %) W4 > P4 K77 2o F2 0 55
LYk ( GEOTRACES GPprl5 Process Study, & Z=Fl14&
AR .S AMIKERAE T 5000 A IR 4
SERL T AR 0 A U A T AR, R T Al SR
PEFVECHE i, I 5% B 6 ROV 1 e X R
TR Y HERIL A G IR R A S | SR AT T
FLAZ R R 100

TE R JESLH 2= AH ik IR, 45 & T sh it
FARFRO B S KGR | bk Rk
RS T35, B DA 2 Vg e Wi I AL A & 1A A i 82 5
BT M F WO, TR MK E KPR &

Fe!'190 M '™ A1V '™ e R iy —
AV RS, IR 2 AR A5 2]
RSSO K D10 A AN S I A N I 1 A N S LA
B == Y N 3 T | oy N G S Y R N3 S 5o
JCER MR FE S LA

4 ZRE5RE

(1) WPEP IR C R T R A R
B REER AL 7 ) B XS CO, B R
J1 AR A 1 Y N R 2 —. 2 i
50 4F 4 & J', in b GEOTRACES 1 H 4 #E 3h 15 A,
CIERRERAY AT S G L TS oTe 918 8Tl S
SRRE | b BHCHR 5 T TAR AR R R 1k
ol BB B EPRSGHE S R L, ST A R
HERRERIMT 9T 5 RS BIIE I 46 6 U T -8t
G R | (I

(2) AT BT K P AR ROGER R AT
F e TR | RRE T A e A SRR Bl
TSR IY; AR i b B 7 2 2 ELRER
Tk A2 5 2 R (R 5 SR | FLAT IR
A TR R R B KO P B T 5 50 A
BRI R T B A B e
IR 1 M e A ST 5 R
FERR. D, e B B LR B A, S R
75 A5 BRI T B, BACHERE AR B 9 | LA 55
PP, 252 43R A0 R R e 25 L 2
K 2 ST 1),

(3) Mesb, BUA IR TT R TR K 35 LT
B S BIE , A%00 B A AR 11, 40K 5 5
297 [ PRI T B9 I R . IR 5 [ K0
W TSR A FRE R R TR T4 VR R
TEHRBE RV A 52 45, 207 3 L 2t o [V
SRHETT 2 A 2 B, 7 B PR ik T 2 B R iz
FUG P M B A2 5 B B A2 B 98 458K % v
.

S A 5B SR A B R 4 B
K. BE R SRR YR S ( KK1703, KK1802
KK1903 , KK2003 , KK2007 Fll KK2202 ) 577 i [ 32
F SRR HE R BRIERE . R Sk
B TR B SRR TR S YR L B
SRAE 5 43 M 45 J5 T 1 32 4. s GEOTRACES Jil H
J bR oA L T AE 2 51 25 3L 7] 35 Gregory Cutter
##% . GEOTRACES Hi H i} 45 B 2 il ex & A ok
A IR AT R R | R VO
—MFRERIF S A SIS 5N IS R A
PR A VR P 28 T 105 AL



1134

P WA . MR LSRR BRI T 1 1 A Jie B e B JEL )RR A

TTRVH iR 4865

S 30k

(1]

(2]

A6154) ; 3414343, | fy /5 4

r101°

»

| direc tions{7 ] .

Sohrin Y, Bruland K W. Global status of trace elements in the
ocean[ J]. TrAC Trends in Analytical Chemistry, 2011, 30(8) :
1291-1307.

Morel F M M, Price N M.
metals in the oceans[ ] ].
947.

Morel F M M, Lam P J, Saito M A. Trace metal substitution in
marine phytoplankton|[ J].
Sciences, 2020, 48(1) : 491-517.

Lohan M C, Tagliabue A. Oceanic Micronutrients:
, 2018, 14(6) :

The biogeochemical cycles of trace

2003, 300 (5621): 944-

Science,

Annual Review of Earth and Planetary

trace metals
that are essential for marine life[ J]. Elements
385-390.

Chase Z, Ellwood M J, Van De Flierdt T. Discovering the
ocean’s past through geochemistry[ J]. Elements, 2018, 14(6) :
397-402.

Lamborg C, Bowman K, Hammerschmidt C, et al. MERCURY
in the anthropocene ocean[ J]. Oceanography, 2014, 27 (1) :
76-87.

Bridgestock L, Van De Flierdt T, Rehkdmper M, et al. Return
of naturally sourced Pb to Atlantic surface waters[ J].
Communications, 2016, 7(1), doi: 10. 1038/ncomms12921.
Jeandel C, Derek V. New tools, new discoveries ir‘}._,ﬂ'rﬁarine
geochemistry[ J]. Elements, 2018, 14(6) : 379-384.

Martin J H, Fitzwater S E. \

growth in the nolr_Jl-Fl‘-easl Pacific subarctic[/J ]

Nature

Iron defi(:ienc“}; limits pl’i.yt,oplanklon

{'Natu re,

Boyd P W, Jldkells T, Law C S, et -&l scale"' iron
enric hmenl,_ expenmenl% 1993- 2005" %ynﬂ;eﬁs and futu];e

§c1en(e 2007, 315(5812) % 612 617.

[ 11 1+ Hutchins D A, Bruland K W. Tron-limited dlnatom growtlj and Si:

[12];

[13]

[14]

[15]

[16]

[17]

[18]

[19]

N uptake ratios'in a coastal upwelling reglme[ J ] Nature 1998 .

393(6685) 561-564.7 A -
Fere-G F, Rue E L, Weeks D A, et al. gpallal and Lempofar
vdrlvablhly in phytoplankton iron limitation along the California
N, and C biogeochemistry[ J].
2003, 17 (1), doi: 10. 1029/

¢oast and consequences for Si,
Global Biogeochemical Cycles,
2001gh001824.

Falkowski P G, Barber R T,
controls and feedbacks on ocean primary production [ J].
Science, 1998, 281(5374) : 200-206.

Wu J F, Sunda W, Boyle E A, et al. Phosphate depletion in the
Science, 2000, 289 (5480) .

Smetacek V. Biogeochemical

western North Atlantic Ocean[ J].
759-762.

Boyd P W, Ellwood M J, Tagliabue A, et al. Biotic and abiotic
retention, recycling and remineralization of metals in the ocean
[J]. Nature Geoscience, 2017, 10(3) : 167-173.

Martin J H. Glacial-interglacial CO, change: the iron hypothesis
[J]. Paleoceanography, 1990, 5(1): 1-13.

Yoon J E, Yoo K C, Macdonald A M,

syntheses; ocean iron fertilization experiments-past, present, and

et al. Reviews and
future looking to a future Korean Iron Fertilization Experiment in
the Southern Ocean ( KIFES) project [ J].
2018, 15(19) : 5847-5889.

Fu W W, Wang W L. Biogeochemical equilibrium responses to

Biogeosciences,

maximal productivity in high nutrient low chlorophyll regions[ J].
Journal of Geophysical Research: Biogeosciences, 2022, 127
(5), doi; 10.1029/2021JG006636.

Strong A L, Cullen J J, Chisholm S W. Ocean fertilization
Oceanography, 2009, 22

science, policy, and commerce[ J].

(3):236-261.

1988 ,--“331 i

[20]

[24]

[25]

(28]

[29]

[30]

[32]

[34]

Bruland K W, Lohan M C. Controls of trace metals in seawater
[A]. In: Elderfield H (Ed. ).
Oceans and Marine Geochemistry [ M ].
2003. 23-47.

Lam P J, Anderson R F. GEOTRACES: the
biogeochemical cycle of trace elements and their isotopes [ J].
Elements, 2018, 14(6) : 377-378.

Anderson R F. GEOTRACES.
marine biogeochemical cycles of trace elements and their isotopes
[J]. Annual Review of Marine Science, 2020, 12(1) : 49-85.
Bruland K W, Franks R P, Knauer G A, et al. Sampling and

analytical methods for the determination of copper,

Treatise on Geochemistry 6; The
Pergamon; Elsevier,

marine

accelerating research on the

cadmium,
zinc, and nickel at the nanogram per liter level in sea water[ J].
Analytica Chimica Acta, 1979, 105, 233-245.

Boyle E A, Huested S S, Jones S P. On the distribution of
copper, nickel, and cadmium in the surface waters of the North
Atlantic and North Pacific Ocean [ J].
1981, 86(C9) : 8048-8066.
Sedwick P N, Church T M, Bowie A R, «
Sargasso Sea ( Bermuda Atlantic Time—serie;,Stqdy.re‘gf%n) daring
varidbility,

Global Biogeochemical Cycles,

Journal of Geophysical
Research: Oceans,
et al. Iron.in the

summer: Folian imprint, spatiotemporal and
ecological fimplications [ ] ].
2005, 19(4) r d(.)i; 10. 1029/2004 gh002445. ’ —
Boyle E A, @hapnick'S DIL Shen G T, et al. Tempo}ﬁl Varia.‘hility
of lead 1n the western“North Atlantic[J]. Journal of Ggpp'ﬁy_.?_i&.il
19'?6 91(C7) 8573-8593.7 =

Boyle F A Huested SS, Gram B. The chemical mass ba}ance of

Rf-sear.ch Oceans,

the dmazon plume*[u Cbpper nickel, and cadmlum :}“I

Deep Sea Research Pait A, Oceanographic Reeearch Paperé' 4
19824 29( 1) 1135541964, i

Vink; S, Boylc E A, Measures C I, et al. Autumdtefhlgh
resolution determination of the trace elements iron and aluminium
in the surface ocean using a towed Fish coupled to flow injection
analysis[ J]. Deep Sea Research Part I; Oceanographic Research
Papers, 2000, 47(6) ; 1141-1156.

Bruland K W, Rue E L., Smith G J, et al. Iron,
and diatom blooms in the Peru upwelling regime ; brown and blue
Marine Chemistry, 2005, 93 (2-4): 81-

macronutrients

waters of Peru[ J ].
103.

Zhang R F, Ren J L, Zhang Z R, et al. Distribution patterns of
dissolved trace metals (Fe, Ni, Cu, Zn, Cd, and Pb) in China
marginal seas during the GEOTRACES GP06-CN cruise [ J].
Chemical Geology, 2022, 604, doi: 10.1016/j. chemgeo. 2022.
120948.

Zhang R F, Zhu X C, Yang C H, et al. Distribution of dissolved
iron in the Pearl River ( Zhujiang) Estuary and the northern
continental slope of the South China Sea[ J].
Part Il : Topical Studies in Oceanography, 2019, 167 :
Bowie A R, Achterberg E P, Sedwick P N,

monitoring of picomolar concentrations of iron ( I ) in marine

Deep Sea Research
14-24.
et al. Real-time

waters using automated flow injection-chemiluminescence
instrumentation [ J ]. Environmental Science & Technology,
2002, 36(21) : 4600-4607.

Croot P L, Laan P. Continuous shipboard determination of
Fe(Il) in polar waters using flow injection analysis with
chemiluminescence detection [ J ]. Analytica Chimica Acta,
2002, 466(2) : 261-273.

Croot P L, Laan P, Nishioka J,
distribution of Fe( Il ) and H,0, during EisenEx, an open ocean

Marine Chemistry, 2005, 95(1-

et al. Spatial and temporal

mescoscale iron enrichment[ J].

2): 65-88.



4866

w5

2 43 %

[35]

[36]

[37]

[38]

[41]

[42]

L

(431

" Research‘ Part I; Oceanuaraphlc Research Papers .._42002 -43/,.*

[44]

[45]

[46]

[47]

et al. Toward a versatile flow

Chen L. D, Xu J, Wang T,
technique: development and application of reverse flow dual-
injection analysis (rFDIA) for determining dissolved iron redox
species and soluble reactive phosphorus in seawater[ J]. Talanta,
2021, 232, doi: 10.1016/j. talanta. 2021. 122404.

Huang Y M, Yuan D X, Zhu Y,
speciation of iron in estuarine and coastal surface waters [ J].
Environmental Science & Technology, 2015, 49 (6) . 3619-
3627.

Hunter C N, Gordon R M, Fitzwater S E, et al. A rosette system

et al. Real-time redox

for the collection of trace metal clean seawater| J].
and Oceanography, 1996, 41(6) . 1367-1372.
Measures C I, Landing W M, Brown M T, et al. A commercially

Limnology

available rosette system for trace metal-clean sampling [ J ].
Limnology and Oceanography: Methods, 2008, 6(9) : 384-394.
Cutter G A, Bruland K W. Rapid and noncontaminating sampling
system for trace elements in global ocean surveys[ J]. Limnology
Methods, 2012, 10(6) : 425-436.

Cutter G, Casciotti K, Croot P, Sampling and sample-
handling protocols for GEOTRACES Cruises[ EB/OL]. http://
geotraces. org/libraries/ documents/ Intercalibration/
Cookbook. pdf, 2022-05-12.

De Baar H ] W, Timmermans K R, Laan P, et al. Titag:;-“a new

and Oceanography :

et al.
WWW.
facility for ultraclean sampling of trace elements and isotopes in

the deep oceans in the international Geﬁltraces pré'gr_am[l 1.

Marine Chemlstry, 2008 111(1-2) ; 4- 21

~Rijkenberg M+ J A} De Baar H J W Bakker K i pf
N PRISTIN,E”'

sa,mf pling

of [trace mela'l-% and 1%010pe€[]] Mariné Chemlitry, 2015 1'[7

‘al new high volume sampler for’ uh'h.i(l

[501-509.4~ = | h £

Bell J, Betts J,FBoyle E. MITESS: |a mh'.()re('i in s!tu“ trace

Plerhf-nt serial §ampler for deep-sea monrmgq [ J¥

LEVP-S 2103-2118. ¥ e
Zha,ng R F, Zhang J, Ren J L, X-Vane ;

aé'sembly combining a Niskin-X bottle and titanium frame vane for

et al. a sampling
trace metal analysis of sea water[ J]. Marine Chemistry, 2015,
177 653-661.

Zhang J, Zhu X C, Zhang R F, et al. Dissolved Fe in the East
China sea under the influences of land sources and the boundary
Global
1029/

current with implications for global marginal seas [ J].
Biogeochemical Cycles, 2022, 36 (2 ), doi: 10.
2021GB006946.

Huang Y M, Yuan D X, Dai M H, et al. Reverse flow injection
analysis method for catalytic spectrophotometric determination of
iron in estuarine and coastal waters; a comparison with normal
Talanta, 2012, 93, 86-93.

Boyle E A, Edmond J M. Determination of trace metals in

flow injection analysis[ J].

aqueous solution by APDC chelate co-precipitation [ A ]. In;
Gibb Jr T R P (Ed.).
[M]. Washington: American Chemical Society, 1975. 44-55.
PhAS, WAL FEWGE. Co-APDC HEUUFEM & 4 . A1 B YR
TR EE BN E K R | R ST, IR
2%, 1988, 7(2) : 63-68.

FEUEE, kS0, BEARAE. Co-APDC
R FAAS IEISE K th ek | B2 T].
SERR) , 1990, 29(2) : 197-200.
Zhuang Z X, Yao W S, Hong H S. Determination of Fe, Zn in
seawater with micro-sampling FAAS after Co-APDC coprecipation

Analytical Methods in Oceanography

HPLE TR 4R | bl
JEIR 24 (H AR

Journal of Xiamen University ( Natural

197-200.

enrichment [ J ].

1990, 29(2) .

Science) ,

Deé.p Sea |

[50]

[55]

[56]

[61]

[62]

Saito M A,

chemistry and improvements in precision using the Mg ( OH),

Schneider D L. Examination of precipitation

preconcentration inductively coupled plasma mass spectrometry
(ICP-MS) method for high-throughput analysis of open-ocean Fe
and Mn in seawater [ J]. Analytica Chimica Acta, 2006, 565
(2):222-233.

Wu J F. Determination of picomolar iron in seawater by double
Mg( OH), precipitation isotope dilution high-resolution ICPMS
[J]. Marine Chemistry, 2007, 103(3-4) ; 370-381.

Wu J F, Boyle E A. Low blank preconcentration technique for
the determination of lead, copper, and cadmium in small-volume
seawater samples by isotope dilution ICPMS [ J]. Analytical
Chemistry, 1997, 69(13) ; 2464-2470.

Wu J F, Boyle E A. Determination of iron in seawater by high-
resolution isotope dilution inductively coupled plasma mass
spectrometry after Mg ( OH ), coprecipitation [ J]. Analytica
Chimica Acta, 1998, 367(1-3) . 183-191.

Art B, Can S Z, Bakudere S.

quantification of iron in seawater using isotope dilution calibration

Traceable and accurate

strategies by triple quadrupole 1CP-MS/ MS . chara(‘terlzatmn
measurements of ironlin a candidate seawater CRMM lalama
2020, 209 doi;;10.1016/j. talanta. 2019. 120503 =
Arslan Z, Oymak T, White J. Triethylamine- assw‘led &COH),
coprempltatlfm/ prec on(‘emlratmn for delermlnatron oﬁ -{ra(e metals
and rare 'earth element’s inlseawater by inductively coupled plasma
mass Speclromelry ( I'E:P M.S) [ J].
2018, 1008 18-28. «,.- -
X, x%ﬂﬁ A % Mg(OH), ,\ma’ﬂuﬁ%ﬁ*ﬁ%ﬁj
JH 1CPAMS 25 HE I 238 K 0 25 4 kPR T 2% [ 1. %%
M«Jﬂuﬁtiﬁ 2017, 36(4) ; 471-477. “
Liu W, S.ongJ M, Yuan H M et al. Simultaneous detemﬁn‘ilion

Analytica Chlmlca Acta,

of multiple macro-trace elements in seawater by ICP-MS combined
with Mg( OH), co—pre(:ipitatio;l and direct dilution pretreatment
[J]. Fenxi Ceshi Xuebao (Journal of Instrumental Analysis),
2017, 36(4) . 471-4717.

Ardini F, Magi E, Grotti M. Determination of ultratrace levels of
dissolved metals in seawater by reaction cell inductively coupled
plasma mass spectrometry after ammonia induced magnesium
hydroxide coprecipitation [ J]. Analytica Chimica Acta, 2011,
706(1); 84-88.

Nickson R A, Hill S J, Worsfold P J. Analytical perspective.
Solid phase techniques for the preconcentration of trace metals
from natural waters [ J ]. Analytical Proceedings including
Analytical Communications, 1995, 32(9) : 387-395.

Pai S C, Fang T H, Chen C T A,
Chelex- 100 technique for shipboard pre-concentration of heavy
metals in seawater[ J]. Marine Chemistry, 1990, 29 295-306.
Milne A, Landing W, Bizimis M,
Fe, Co, Ni, Cu, Zn,
resolution magnetic sector inductively coupled mass spectrometry
(HR-ICP-MS) [ J]. Analytica Chimica Acta, 2010, 665 (2) .
200-207.

Lee ] M, Boyle E A, Echegoyen-Sanz Y, et al. Analysis of trace
metals (Cu, Cd, Pb, and Fe) in seawater using single batch

et al. A low contamination

et al. Determination of Mn,

Cd and Pb in seawater using high

nitrilotriacetate resin extraction and isotope dilution inductively
coupled plasma mass spectrometry[ J]. Analytica Chimica Acta,
2011, 686(1-2) . 93-101.

Sohrin Y, Urushihara S, Nakatsuka S,
determination of GEOTRACES key trace metals in seawater by

et al. Multielemental

ICPMS after preconcentration using an ethylenediaminetriacetic

acid chelating resin[ J]. Analytical Chemistry, 2008, 80 (16) :



B WA . VIR TR RAEBOR A M 7 i 10 A J S S B JEL 1R IR BT R 2 Bt

4867

[64]

[65]

[66]

[67]

[68]

liron in waler samples by collision cell 1CP- MS[]]

6267-6273.

Wang B S, Lee C P, Ho T Y.
natural waters by automated solid phase extraction system and
ICP-MS; The influence of low level Mg and Cal[ J].
2014, 128 337-344.

Riley ] P, Taylor D. Chelating resins for the concentration of

Trace metal determination in

Talanta,

trace elements from sea water and their analytical use in
conjunction with atomic absorption spectrophotometry [ J ].
Analytica Chimica Acta, 1968, 40 479-485.

Pai S C, Chen T C, Wong G T F, et al. Maleic acid/ammonium
hydroxide buffer system for preconcentration of trace metals from
seawater[ J]. Analytical Chemistry, 1990, 62(7) ; 774-777.
Grotti M, Abelmoschi M L, Soggia F,

ultratrace elements in natural waters by solid-phase extraction and

et al. Determination of
atomic spectrometry methods [ J].
Chemistry, 2003, 375(2) ; 242-247.

Zhu Z H, Zheng A R. Fast determination of yttrium and rare

Analytical and Bioanalytical

earth elements in seawater by inductively coupled plasma-mass
spectrometry after online flow injection pretreatment [ J ].
Molecules, 2018, 23(2), doi: 10.3390/molecules23020489.

Ho TY, Chien C T, Wang B N,

metals in seawater by an

et al. Determination of trace
automated flow injection ion
chromatograph pretreatment system with ICPMS [ J ]
2010, 82(4): 1478-1484.

Yip Y C, Sham W C. Applications of“‘.(:ol]ision/r"éqction-cell

Talanta,
&

technology in i%of()pe dilution mass ipérlromelry [ J L

Fetnandez. R G, Alonso J 1 G, Sanz- Medel use" uf a

Suppressor 'gtﬂumn for calcium removal‘ in tHe detPrmmq,tmn of

Journal of

_# Analytical Atomic | Spectrometry, 2004, 19(5.') 649 65-4

71
[ Jf

;determmathn of  iron [m™~seawater by isolopeudilutig_p multipte r

De Jnng J,/Schoemann V, Lannuzel D, et al.

cpllec.ter iﬂductively coupled plasma mass spéétrometry (‘_I_D_-_MC:’

[72]

[73]

[74]

[75]

[76]

[77]

ICRL.MS) using “ nitrilotriacetic acid chelating resin for pre-
doncentration and matrix separation [ J ].
Acta, 2008, 623(2) ; 126-139.

Roy E G, Wells M L, King D W. Persistence of iron( Il ) in
surface waters of the western subarctic Pacific [ J].
and Oceanography, 2008, 53(1) : 89-98.

King D W, Lounsbury H A, Millero F J. Rates and mechanism
of Fe( Il ) oxidation at nanomolar total iron concentrations|[ J].
Environmental Science & Technology, 1995, 29(3) . 818-824.

Obata H, Karatani H, Nakayama E. Automated determination of

Analytica Chimica

Limnology

resin  concentration and

Analytical Chemistry, 1993,

iron in seawater by chelating
chemiluminescence detection [ J].
65(11) . 1524-1528.

Measures C I, Yuan J, Resing J] A. Determination of iron in
seawater by flow injection analysis using in-line preconcentration
and spectrophotometric detection[ J]. Marine Chemistry, 1995,
50(1-4) . 3-12.

Lohan M C, Aguilar-Islas A M, Bruland K W. Direct
determination of iron in acidified (pH 1.7) seawater samples by
flow injection analysis with catalytic spectrophotometric detection ;
application and intercomparison [ J ].  Limnology and
Oceanography: Methods, 2006, 4(6) : 164-171.

Zhang J Z, Kelble C, Millero F J. Gas-segmented continuous
flow analysis of iron in water with a long liquid waveguide
capillary flow cell[ J]. Analytica Chimica Acta, 2001, 438 (1-
2) . 49-57.

Cannizzaro V, Bowie A R, Sax A, et al. Determination of cobalt

TrAC™,
,.irends in Ana?ytlca] Chemlstry, 2007, 26(7) { 727 743 ¥ .l,--"-d

ngh—apcuracy

[79]

[84]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

and iron in estuarine and coastal waters using flow injection with
chemiluminescence detection Presented at SAC 99, Dublin,
Treland, July 25-30, 1999[J]. 2000, 125(1): 51-
57.

Brown M T, Bruland K W. An improved flow-injection analysis

Analyst,

method for the determination of dissolved aluminum in seawater
[J]. Limnology and Oceanography: Methods, 2008, 6(1) ; 87-
95.

Zhou T J, Huang Y M, Yuan D X,

injection analysis method with iminodiacetate chelation and

et al. A sensitive flow-
spectrophotometric detection for on board determination of trace
dissolved aluminum in seawater[ J]. Analytical Methods, 2016,
8(22) . 4473-4481.

Gosnell K J, Landing W M, Milne A. Fluorometric detection of
total dissolved zinc in the southern Indian Ocean|[ J].
Chemistry, 2012, 132-133.; 68-76.
Nowicki J L, Johnson K S, Coale K H,
zinc in seawater using ﬂow injection analysis with fluorometric
detection[ J]. Analytical Chemistry, 1994, 66 ( 17_)__;,. 2732-
2738. " ol
Grand M Ms- Chocholou$ P, Ruzitka J, e't‘ al. Dgl,éf;fi'ination of
trace zinc (in seawater by, coupling solid phase exh"ddlon and
fluorescenge dete(’tlon in the Lab-On-Valve forma,t{ J (_._,Ar-lalytlca
Chimica Acta’, 2016, 923| 45-54.

Marine

et al. Determination of

.f'
Aguilar- Islas™ A M5 Resing J, A, Bruland K W (,alalyucafly

Pnhanred %peotrophot?mtﬁtnc determination  of manganese in
F

seawaler by flow= w=injection anaLySIs with a commercially avallablel‘
pﬂewﬂtenlmnon [J11].
Oceanqgllraphy; Methods, 2006, 4(4) : 105- 113 =
Feng”S G, Yuan D%X, Huang Y M, A céltalyfic

spectrophotometric method  for

resin fo; un-hne lenology -a‘nd_-_‘,
et al.
L ol

determination of nanomolar
manganese in seawater using reverse flow injection analysis and a
long path length liquid waveguide capillary cell[ J]. Talanta,
2018, 178 577-582.

Coale K H, Johnson K S, Stout P M,

copper in

et al. Determination of

sea water using a flow-injection method with

chemiluminescence detection [ J ]. Analytica Chimica Acta,
1992, 266(2) ; 345-351.

Callahan M R, Rose J B, Byrme R H.
trace copper analysis using a 4.4 m
liquid core waveguide[ J]. Talanta, 2002, 58(5) : 891-898.
Wang T, Huang Y M, Zhu Y,

catalytic kinetic spectrophotometric determination of trace Cu

Long pathlength
absorbance spectroscopy :
et al. A shipboard method for
(II') concentrations in seawater using reverse flow injection
analysis coupled with a long path length liquid waveguide
capillary cell[ J]. Microchemical Journal, 2022, 179, doi: 10
1016/j. microc. 2022. 107441.
LinMY, Hu X P, Pan D W,
from the laboratory to in situ measurements [ J ].
Talanta, 2018, 188 135-144.

GeiBler F, Achterberg E P, Beaton A D, et al.
analyser for the in situ determination of dissolved manganese in
Scientific Reports, 2021, 11(1), doi;: 10. 1038/
s41598-021-81779-3.

Holm C E, Chase Z, Jannasch H W,

initial deployments of an autonomous in situ instrument for long-

et al. Determination of iron in

seawater ;
Lab-on-chip
seawater| J ].
et al. Development and
term monitoring of copper ( Il ) in the marine environment[ J].
Limnology and Oceanography: Methods, 2008, 6(7) : 336-346.

Callahan M R, Kaltenbacher E A, Byme R H.

measurements of Cu in an estuarine environment using a portable

In-situ

spectrophotometric analysis system[ J]. Environmental Science &



4868 A 43 %
Technology, 2004, 38(2) . 587-593. Pacific[ J ]. Science Advances, 2022, 8(5), doi; 10. 1126/

[93] Chapin T P, Wanty R B. Development of a solenoid pumped in sciadv. abl7564.
situ zinc analyzer for environmental monitoring[ J]. Analytica [100]  JAWR. POb AR F-HE0A S 2 I E 5 A= ) BRIk 24470
Chimica Acta, 2005, 543(1-2) : 199-208. WE[D]. &1 EITKRE, 2020.

[94] Howell K A, Achterberg E P, Braungardt C B, et al Zhou Y. Determination and biogeochemical behaviors of
Voltammetric in situ measurements of trace metals in coastal dissolved iron in the western north Pacific [ D ]. Xiamen:
waters[ J ]. TrAC Trends in Analytical Chemistry, 2003, 22 Xiamen University, 2020.

(11) . 828-835. (1017 5iAr. AL AT T UL DA A 2K 4 225 ) 23 A1 A 2 35 78

[95] GeiBler F, Achterberg E P, Beaton A D, et al. Evaluation of a R D], JEI): EITR, 2021.
ferrozine based autonomous in situ lab-on-chip analyzer for Zhang N. On the distribution of dissolved iron in the north
dissolved iron species in coastal waters| J]. Frontiers in Marine Pacific Subtropical Gyre [ D ]. Xiamen: Xiamen University,
Science, 2017, 4, doi: 10.3389/fmars. 2017.00322. 2021.

[96] Laés A, Vuillemin R, Leilde B, et al. Impact of environmental [102] B, KPR EEA 8 5 1 B s s A% F W 5 A
factors on in situ determination of iron in seawater by flow ﬂ\“ﬁﬁ[ 1. JE1T. EITR¥ , 2012.
injection analysis[ J]. Marine Chemistry, 2005, 97(3-4) . 347- Huang Y. Development and application of analytical techniques
356. and shipboard instruments for determination and speciation of

[97] XARAE, T/, B, 5. WK TR S AR Sep-Pak A+ trace iron in seawater [ D ]. Xiamen; Xiamen University,
FIA 7ELC TR SR FAAS KGN [J]. TR 22240 ( AR BLE 2012.

FZ), 1991, 30(3) : 299-301. [103] PAHEEE. MKTRE ﬁﬂ’mfkkﬁt?&/}ﬁ&*véﬁﬁﬁ
Yuan D X, Wang X R, Yang P Y, et al. Trace copper BRYBEE AN D], JEIT: JEITRY: 2016 e
preconcentrated on double Sep-Pak cartridges from seawater with Chen Y. Study and lapplication of iron redox spe.g.ta'tl- 10n analy51s
FIA and on-line determined with FAAS[ J]. Journal of Xiamen and size frd(,tlun of iron' in seawaters [ D |’ demen Xiamen
University (Natural Science) , 1991, 30(3) : 299-301 4= Unlver@lty, 2016

(98] JEUFIEL, BEAR/E. g B A fR MR FE 2K T 5/ FIA-FAAS R4 [104] IS, ki @E?E’Jai}]fﬁ&w ﬁﬁ%w%y—u
MEdE KRB ESR[T]. %/i?iﬁ?ﬁﬂiﬁ 1998 23(3) %‘%H’JEJ?%MI“HJ{“D‘ B Tk, 2016 __u--""w.:_:;r#
264-269. Feng Study ‘and agph(‘atlon of in-field analytical mPthnd% and

#huang 7 X Hona H S, A flow- m]ecllona/-atomi‘c ah 1nstruménts for: delermlnanon of trace manganese in seawater‘
. speptromelfy systqlem with C,g-bonded silica gél | cbl‘;pd/ e for [D]. Xlamen Xiamgh Umversny, 2016. . ) -"-.._,:d,
“ the oon(’ent;a'-‘mh and determination of-"'[ra(‘e-r‘ﬁ:ela% in spawaler [105] J—J&:& Hi‘tﬂ('ﬁh*rg ﬁq‘/u%—uﬁfﬁﬁfﬁ{f E’]ﬁ:ﬁ‘? WJ

991,

1992 23(3) 264—

(L1. OQueanolould et Limnologia Sinica,

- 269 | i
" Wen. Z 7, Browning T J, Cai Y H, e al I{Iutrlent regulatmn of J
i blol()glcal f{]erogen fixation across the troplcal wc;?_yam Nowt

o) i1y e, o6, g
Zhou T Study and application of new analytical methda: for
determination of trace dissolved aluminum in natural waters

[D].

Xiamen: Xiamen Univiersity, 2016.



HUANJING KEXUE Vol.43  No.11

Environmental Science (monthly) Nov. 15, 2022

CONTENTS

Challenges Regarding the Co-emission of Emerging Pollutants to Eco-environmental Monitoring and Management — ««+«ssessesseeeseseereenees WANG Pei, HUANG Xin-yi, CAO Zhi-wei, et al. (4801)
Environmental Process, Effects and Risks of Emerging Contaminants in the Estuary-Coastal Environment — ++eeveeresrereeesesnennee WANG Xin-hong, YU Xiao-xuan, WANG Si-quan, et al. (4810)
Research Progress of Analytical Methods with Molecular Spectroscopy for Determination of Trace Nutrients and Metals in Seawaters -+ YUAN Dong-xing, HUANG Yong-ming, WANG Ting (4822)
Research Progress on the Determination of Sulfide in Natural Waters; From Laboratory Analysis to In-Situ Monitoring ~ ++++* LI Peng, LIN Kun-de, YUAN Dong-xing ( 4835 )
Advances in On-site Analytical Methods for Inorganic Arsenic in Environmental Water «-«e-eeeeerereeresienienennnneninen BO Guang-yong, CHEN Zhao-ying, GONG Zhen-bin, et al. (4845)
Advances and Prospect of Sampling Techniques and Analytical Methods for Trace Elements in the Ocean; Progress of Trace Element Platform Construction in Xiamen University —+««+++«+++++-
................................................................................................................................................... HUANG Yong-ming, ZHOU Kuan-ho, CHEN Yao-jin, et al. (4858)
Biodegradation of Polyethylene Microplastic: A Review ««+sesstssrsrssresssnnememniniinsssiitniss e LUO Yuan-rong, QIAN Yi-gian, QI Ya-nan (4869 )
Mechanism and Environmental Effect on Nitrogen Addition to Microbial Process of Arsenic Immobilization in Flooding Paddy Soils «++++++ WANG Feng, ZHANG Jing, ZHOU Shao-yu, et al. (4876)
Toxicity Testing Organisms for Marine Ecotoxicological Research in China »«+essesreerereeesenneneennes SHI Tian-yi, HONG Hai-zheng, WANG Ming-hua, et al. (4888)
Estimating Methane Fugitive Emissions from Oil and Natural Gas Systems in China +«+s«sesserseseeesenenssininnnenininnens ++ CHEN Chun-ci, LU Yong-long, HE Gui-zhen (4905 )
Atmospheric NH; Emission Inventory and Its Tempo-spatial Changes in Xiamen-Zhangzhou-Quanzhou Region from 2015 to 2020 LI Xiang, WU Shui-ping, JIANG Bing-qi, et al. (4914)
Distribution of Microplastic and Antibiotic Resistance Gene Pollution in Jiulong River Estuary -+ CHENG Hong, CHEN Rong (4924)
Pollution Characteristics of Microplastics in Sediments of Xiamen Bay Beach YAO Rui, LIU Hua-tai, LI Yong-yu, et al. (4931)
Spatial and Temporal Distribution and Influencing Factors of Dissolved Trace Metals in Jiulong River Estuary and Xiamen Bay = «+:++++++++ QI Liu-gian, YUE Xin-li, ZHONG Hao-wen, et al. (4939)
Spatiotemporal Characteristics of Dissolved Oxygen and Control Mechanism of Hypoxia (Low Oxygen) in the Watershed-Coastal System in Fujian Province «+:e+seseesseeeesenensenenenennnes

..................................................................................................................................................... YANG Ai-lin, YANG Fang, LI Shao-bin, et al. (4950)
Distribution, Migration, and Transformation Mechanism of Labile Phosphorus in Sediments of Xixi River Estuary, Xiamen -- -+ PAN Feng, CAI Yu, GUO Zhan-rong, et al. ( )
Adsorption of Mn®* by Modified Biochar Fixed Bed in Simulated Lakes and Reservoir Waters «+esessessessersossosssmssssisiiiininininnnns ZHAO Jie, YE Zhi-long, WANG Jia-ni, et al. ( )
XU Jing, ZHENG Hong, LU Jiang-long, et al. (4982)
(4992)
(5000)

Rapid Detection of Trace Enrofloxacin and Ciprofloxacin in Drinking Water by SERS

XU Zi-wen, YIN Hong-ling, XIONG Yuan-ming, et al.
Characteristics and Potential Sources of Four Ozone Pollution Processes in Hainan Province in Autumn of 2019 ++xeereresssrernesnnemneeneeenie FU Chuan-bo, CHEN Hong, DAN Li, et al.

Degradation of Triphenyl Phosphate in Water by UV-driven Advanced Oxidation Processes -

Characterization and Formation Mechanism of Water-soluble Inorganic lons in PM, 5 and PM,, in Summer in the Urban Agglomeration of the Ili River Valley «+resrereereeererrensivsscnennenens
CHEN Qiao, GU Chao, XU Tao, et al. (5009)
+++ QI Peng, ZHOU Ying, CHENG Shui-yuan, et al. (5018 )
FENG Yue-zheng, AN Jun-lin, ZHANG Yu=in, et al. (5030)
)
)

Difference in PM, s Pollution and Transport Characteristics Between Urban and Suburban Areas
Characteristics and Health Risk Assessment of BTESX in the Northern Suburbs of Nanjing
Ecological Risk Assessment of Microplastics Occurring in Surface Water of Terrestrial Water Systems across China

SUN Xiao-nan, CHEN Hao, JIA Qi-long, et al. (5040
CHEN You-liang, ZOU Wen-min, LIU Xing-gen, e al. (5053
Mercury Speciation, Distribution, and Potential Sources in Surface Waters of the Yangtze and Yellow River Source Basins of Tibetan Plateau During Wet Season ««+«+s«ssessessessenessesensenees
........................................................................................................................................................................ LIU Nan-tao, WU Fei, YUAN Wei, et al. (5064)
, PAN Bao-zhu, HAN Xu, et al. (5073)

Scale Effects of Landscape Pattern on Water Quality in Dongjiang River Source Watershed

Water Environmental Characteristics and Water Quality Assessment of Lakes in Tibetan Plateau «+««-x+vseeeererrerrsessnenmmnininnnnees LIU Zhi-qi

Karst Hydrogeochemical Characteristics and Controlling Factors of Carlin-type Gold Mining Area Based on Hydrochemistry and Sulfur Isotope =+
..................................................................................................................................................................... ZHA Xue-fang, WU Pan, LI Xue-xian, e al. (5084)
Characteristics of Eukaryotic Phytoplankton Community Structure and Its Relationship with Environmental Factors in Danjiangkou Reservoir  +++ HE Yu-xiao, MAI Si-jie, REN Yu-fen, et al. (5096 )
Adsorption of Phosphate and Heavy Metals by Lanthanum Modified Zeolite and Its Performance in Sediment Inactivation «-«++seeseeeressserennennsenens WANG Zhe, ZHU Jun, LI Wen, et al. (5106)

Metagenomic and Metatranscriptomic Analysis of Nitrogen Removal Functional Microbial Community of Petrochemical Wastewater Biological Treatment Systems —«+«+ssesssseressesssssnssninnanens
.................................................................................................................................................................. ZHANG Xu, ZHOU Jia-jia, ZHOU Min, et al. (5115)

Bacterial Community Structure and Antibiotic Resistance Gene Chdnges in IFAS + Mdgncnc Coagulation Process Wastewater Treatment Plant in Cold Regions +++++sseserereressnenssiniininininns
: . DU Wen-yan, YAO Jun-qin, MA Hui-ying, et al. (5123)

TIAN Zheng-yun, WU Xiong-wei, WU Yuan-yuan, et al. (5131)

Tmpact of Nitrification Inhibitors on Vegetable Production Yield, Nitrogen Fertilizer Use Efficiency and Nitrous Oxide Emission Reduction in China; Meta Analysis +«++sssseereessesesisnennannns
........................................................................................................................................................................ LIU Fa-bo, MA Xiao, ZHANG Fen, et al. (5140)

Effect of Different Fertilization Treatments on Methane and Nitrous Oxide Emissions from Rice-Vegetable Rotation in a Tropical Region, China »«+«+essesserseresemenenienimienensiiniinnnne
............................................................................................................................................................ SHAO Xiao-hui, TANG Shui-rong, MENG Lei, et al. (5149)
Effects of Land-use Conversion on Soil Nitrification and NO & N,0 Emissions in Tropical China Under Different Moisture Conditions -+ TANG Rui-jie, HU Yu-jie, ZHAO Cai-yue, et al. (5159)
Characteristics of Heavy Metal Pollution in Farmland Soil of the Yangtze River Economic Belt Based on Bibliometric Analysis ~— «+eseeeeeeeeeeee LIU Xiao-yan, FAN Ya-nan, LIU Peng, et al. (5169)

Spatial and Temporal Distribution and Source Variation of Heavy Metals in Cultivated Land Soil of Xiangzhou District Based on EBK Interpolation Prediction and GDM Model = «++«+s+esreseeeeee
--------------------------------------------------------------------------------------------------------------------------------------------------------------- GAO Hao-ran, ZHOU Yong, LIU Jia-kang, et al. (5180)

Identification of Soil Heavy Metal Sources Around a Copper-silver Mining Area in Ningxia Based on GIS ZHANG Kou-kou, HE Jing, ZHONG Yan-xia, et al. (5192)
Effect of Aging on Stabilization of Cd® * Through Biochar Use in Alkaline Soil of Bayan Obo Mining Area WANG Zhe, CHENG Jun-li, BIAN Yuan, et al. (5205)
Preparation of Magnetic Iron Oxide/Mulberry Stem Biochar and Its Effects on Dissolved Organic Carbon and Arsenic Speciation in Arsenic-Contaminated Soils «+x+seeeeseeresrerserseresenenneens

LU Lin, YAN Li-ling, LIANG Mei-na, et al. (5214
- ZHAO Li-fang, HUANG Peng-wu, YANG Cai-di, et al. (5224
++ SHUAI Zu-ping, LIU Han-yi, CUI Hao, et al. (5234
Pollution Characteristics and Ecological Risk Assessment of Antibiotics in Vegetable Field in Kaizhou, Chongqing FANG Lin-fa, YE Ping-ping, FANG Biao, et al. (5244
Temporal and Spatial Variation Characteristics of Carbon Storage in the Source Region of the Yellow River Based on InVEST and GeoSoS-FLUS Models and Its Response to Different

Effects of Oyster Shell Powder and Lime on Availability and Forms of Phosphorus and Enzyme Activity in Acidic Paddy Soil
Effects of Interaction of Zine and Cadmium on Growth and Cadmium Accumulation of Brassica campestris L. -+

Future SCenarios +«++esseeeersereonnrinmsnmietontsititi oot s HOU Jian-kun, CHEN Jian-jun, ZHANG Kai-qi, et al. (5253)
Carbon Sequestration Characteristics of Different Restored Vegetation Types in Loess Hilly Region ««+«+sxseesseseeesereneieninncnennens XU Xiao-ming, ZHANG Xiao-ping, HE Liang, et al. (5263)
Response of Soil Multifunctionality to Reduced Microbial Diversity ««+seseesesseresesseremiemensniininiiiisi CHEN Gui-xian, WU Chuan-fa, GE Ti-da, et al. (5274)
Effect of Nitrogen Addition on Soil Fungal Diversity in a Degraded Alpine Meadow at Different Slopes ++«++«+eesesrssessesnssmsmssnsnsesinennens SU Xiao-xue, LI Xi-lai, LI Cheng-yi, et al. (5286)
Comparative Energy Consumption Structure and Mode between China and Major Energy-Consuming Countries Under the Background of Carbon Emission Reduction ««+seesessesseseesesneneenns

........................................................................................................................................................................... LI Hui, PANG Bo, ZHU Fa-hua, et al. (5294)
Spatialization and Spatio-temporal Dynamics of Energy Consumption Carbon Emissions in China «+esseseereeresemenensenenennsinenennen HAO Rui-jun, WEI Wei, LIU Chun-fang, et al. (5305)

Carbon Dioxide Mitigation Co-effect Analysis of Structural Adjustment Measures in the “2 +26” Cities in the Jing-Jin-Ji Region and lis Surroundings =~ «+«++sesseereeresssenenesinnicnnnnens
*+ YANG Tian-qi, WANG Hong-chang, ZHANG Chen, et al. (5315)
LI Huan, ZHU Long, SHEN Qian, et al. (5326)




