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Research Progress of Analytical Methods with Molecular Spectroscopy for
Determination of Trace Nutrients and Metals in Seawaters : =/ L
YUAN Dong-xing, HUANG Yong-ming, WANG Ting = | . =
(State Key Laboratory of Marine Environmental Science, College of lhe Emlronment and Ecology, Xiamen Urm ersm Xlamen 361102 China) ‘.,a".

Abstract: On-field monitoring is an important way to obfain data in marine environmental research. The ocean en\rlrorurnenta  conditions are harsh and complex and theré are
many difficulties in seawater ‘sample collecting, storing | and’ lrdnspomng Theref()le the on-field and in-situ dete( stions of chemical pdrameters have always been pUrsued by
oceanographer% and hayé become a research hot point in the seaWater an:a._lys'iq field. In this review, the' recent?fesearch progres§ of detection methods with molerulax
spectmb( opy techmques for track nutrients and metals i in beaxwager il summanzed From the view of sensitivity‘and detection rﬁlge we discussed analytical techniques of trace_-
nutrient§ ( phosphate, Fhitrate), ‘nitrate, and dmmomum) and meldls (iron, mdnganese copper, and dlumlnumf)f It focused ot Imethods of on-field and inzsitu measures and
development of optical melhods such as spectrophotometry , ﬂuorescence and chenlllumlnescence as wéll agithe corresponding instruments that are most sultable inmarine
field-observation. Examples of the application of these methodb and re lative instruments in land-and ship- based laboratories, ship-hoard underway monitoring, and long term
in- sltu,ﬂbservatlon were pre'sented The key problems and possible dolutions were artalyzed, and the future development of the researeh field was proposed.

Key words seawalers ,.-nulnents metals; molecular spectroscopy ; trace anal'ysm o >
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Table 1 ~ Methods for determination of phosphate in seawaters based on phosphomolybdenum blue method and their application
SrbHRE ) R WERRRER ik
/nmol + L. /nmol + L.
FMTH PR, FIA-SPE(C18) 1.57 3.2~48.5 S50 E 0 KK [44]
FA,0.5 m LWCC 1 ~1000 JEA LI 5 5 AR VS )2 200 m [45]
FHEHER], FIASPE(C18 ) , i) 1.57 (K%“I},éhf] %) 5 10 A 200 24k BE [27]
SIA-SPE ( HLB) 1.42 341134 S 6 5 ) i VA ) TR KR (28]
(AR TAEMZ)
MAGIC % ,CFA-2 m LWCC 0.3 25 S0 2 0 A Vg KR [46]
FIA-2 m LWCC 1.5 100 ALK VEFEEMTINE 1000 247K kE [47]
tFIA-2 m LWCC 0.5 8 ~ 165 2 502 ) 7 R KR [33]
BUETE SIA 7 0.024 ~9.5 pwmol -L ! S 2 I 7 Y 1 KRR [29]
SIA, BRI A 340 14.8 ~73.9 wmol-L~" BB I 532 AT 111 30T 5 Vg /K B [34]
SCFA-2.5 m LWCC 0.8 250 GEOTRACES 2010 fiivE i 434 [48]
FA ¥R 44T 32 50 wmol-L ™! S A I 2 1 KRR [16]
SPE(HLB) ,F+ T ¥4k 3.0 0.9 wmol-L~! SRR AE 42 AP RO KRR [49]
UKL AR, 1 8- A-BR42-1 m LWCC 0.3 1 wmol-L ™! S50 0 A2 A PROKRE _~50]
FIA-H BB TEAX 74 0.65~6.5 wmol-L™"  SCBE IR HKEE o [
CFA-SPE(HLB) 1.0 80 RV E AU E 2 000 434S 7KEE [32]
SCFA-1 m LWCC 4 ' 1 pmol-L ! S U5 R KRR : [51)
S, pFI-CFA 32 T3 ol oL *%%«Wm&uﬁ# " g2

1) FIA: 8 SH500T, SPE : BEIRIACER, FA 385 BT, LWGC : O I B AN HIE I, SIA J llmF?‘E%TﬁU HLB kR MA’GIC ;\"%ﬂ:
BEALYTTETL  CFA Jtéiuﬁz;téﬁr rFIA fi*ﬁmﬂ&%%*f SCFA: m(ﬁlmﬁmmwﬂé}ﬁ pl‘l ﬁ&ﬁaﬁc{% d

._‘.

W%Jﬁiﬂ’ﬂmﬁﬁkﬂ’ﬁﬁi{ %?Eﬁf%ﬁ%fi K fh i 5 b i /E"%‘f%m 20 s zF_IETJ $ v
T“EI’J Gtiess T52) Wﬁﬁéf&ﬁ’]ﬁ” Eﬁmﬁk{ﬁ'ﬂmﬁﬁﬂf& Eﬂf%%ﬁ HHAZ AP+ et R

)ﬁiﬁiﬂ’]lﬁﬁﬁ@&ﬂﬂélﬁﬂ%ﬁ VR ST e, 7 £ FE TR AR dE
ﬁékua%r“ 5 A RER 18 J5Us B ah T ‘f'fmﬁﬁﬂ?f“z Py 9 T S D 7K A TR - U S I 3 D16 12 R R -
7, Eﬂjﬂiﬁfkﬂ‘if i A WL

T%ﬁﬁﬁﬂ%ﬁ’]ﬁ%ﬁ%kﬁ% . %%ﬂ PEO6 vk Wl B 5 R 5 AR R (o-

R0 VAR 00 0 S 1252047 012 4 %ﬂ’fmﬂ)?/i%
PRk JESR e, o 0. TR EA —E M EEE,
HAE FA rP i S B AEA BT A, ARk BT
122 3R ) = S A BRI 0L v R RIE it 20 U5
1" LA KR = S BUV WA S5 R I

phthalaldehyde , OPA ) FI3i£ Jiﬁﬁtuu (FAECE, MR
TS R £8 ) K2, 7 AR 5 % G 400 Bt S s | W AT
A=W, 1997 45, WA 12 46 38 R A4 3R 1 K F 8 K
BRI DL RAE BB, A HL
JE T ZA. DFFERM AR U R T

A BEAR— U R R W S AR L R 101
T 7K HP R v IS BT LATE R AN X I, SRR 9IS S8 T A 45% 7). L, 9%

LI 0 ST A Sk A BT A S T R I R A
R SRR B AN X SRR WO T, P
LSRG . B2 vk A Rt v T [R]
TR I T A RS & . B AR RN B R AR, i 20 il
JEFE M 0.12 ~0.34 g-L7"%),

& 2 VR T AR R M /K R e A SR AL

DT S T8 SRR T

P R i ) B 5 U SR IR 1) S 7 7= ) e
AR R RT3 2 1 D B 7 e 25 R JH:??(%
i 5 RACE R B 5 2 B K SRR T, — s
B —E B B TR

BlE T FA SOREINE I7 AR AS JIE T

Tt E ik AR, Li 25152042 1 i) SCFA-LWCC-IPB 3 & 8 H
2.3 @”fﬁ# Hos LWCC 7 FH 110 5 v /KR B S ) O v

i A A I E — R T a0 OO B 1 B Ot
. /\fﬁfﬁrfztyﬁém&l—t f] 7% (Nessler’s reagent)
FNEE M 7% (indophenol blue, IPB) 22 43, 44 G ik 5
BEZERE T, — M HTE - R K | HTR K A0
5 K AN R 7K 1 B 2 I v e M W v R

A1 m LWCC, LR HBR R 5 nmol - L™, 454 SPE
FeARPE = RO R 7 R WL SCHR (83,84 .

S A E LIRS 5, A G oA T Bt
TIE , RS RIG AT B . ke S
BRI IR A, S A AR B R
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Table 2 Spectrophotometric methods for determination of nitrite and nitrate in seawaters and their applications
B W5 o P % 1 - o
SHH AR H 7y Rl R ER o ik
/nmol + L, /ol + L,
UV 200-300 nm F#0& EA 0.2 ~1500 WK ,3 ~6 A~ 2w [69]
CFA-97 ¢cm LWCC DI 1 1.0 ~500 nmol - L SR |2 200 m [70]
i) 28 — My e 500 0.5 ~400 nmol -L~! S 50 2 00 G R G ¥ ) T AR [71]
UV 205, 212 nm B4 5 RIZIE- I TE 0.71 ~429 JEASE SO AT 11 [65]
CFA-15 ¢m LWCC TS A 2 0. 002 ~20 DAV ) 55 SR AR VS )2 200 m [45]
SIA-SPE( C18) -2 cm Jiif it A 2 0.1 0.71 ~42.9 nmol L~ A 00 5 i A T VAR KA [72]
FIA-2 m LWCC THA + WAS A 0.3 200 nmol -1~ LR VEFEEMTINE 1000 247K KE [47]
kA o et WA 110 0. 50 ~8.00 s ..
SIA WEAHAL 2 em, %01 em it Py 3700 195 - 305 S ) AT 1T KRR [61]
NI 0.3 1 ~100 nmol -L " . ; .
FIA-SPE(HLB)-1 L o S B
SPE(HLB)-16 cm LWCC Py s S 200 nmol-L-! S 2 I S R KRR [73]
SIA-SPE( HLB)-2 cm it DIRTEE-S 0.5 1.4 ~85.7 nmol - L~ S U A VKR [74]
tFIA, FERLAJE 1.7 em T TEA 92 0.21 ~50 SERTINAE 3 200 KR [60]
B H 2.5 em i i » 3 SREMEIIF AR A2
FAFRULAMHT, Wit TR 20 10 FREWELARE_FT [75]
ARG, i) i 5 W AH A + A 0.45 1 ~1000 nmol-L"! SR Rk S ST
RIATE 104 7 'Y /S ==
S FIA-SERAY TR + A i) 9 [ g wlreanre=m RS 40 (9]
B - 1 4 . 4
TR e 0w [TV , -
Joi CEA A ) 58 = 180 [ 4% W R S R A 176
/ . TEPERE S8 4304 14 ¥ Y ¢
SIANCL, W J5T, Tl 3em o, B WAL o © 220 100 | D, W f =
Wichitt o~ ) e | g a0 B awo S R RS 8T 4648
PFL, 50 o HANCE - wwk |7 k] i S R 7 VKR 771
YFIA-VCI, TR - g " i 7.5 I R A AL BT [63]
T ; ' :
1) R O JE T v NIRRT e B A g AR AR 4
Ry ﬁﬂ(( gas diffusion, GD) % &% 5 Wk 474 4 3.1 B

(purge and trap, P&T) B 50 A TR W A, S PR
FENC B WSO A R R MRV TR, P H A s A
W S 3eny 28 4k s A 2 R BHE 7= 1), W] R 4300t
JE AN 8 7% T G AR B AR PR 75 R Ak ik ]
A6 BE L | Bt BE L Ak 2 Kok
VROV A AR FEAR TR T, B R P
RCRAK, A3 Hr i Al

L 18 19 S A8 A S B 7 i o A H S AR
2£.2019 4, Zhu 25" XF 1999 ~ 2019 4E 1 20 4 [A]
T KBS RIS AT L AT T IR 253, JF
BN I, 3% 3 (U283 10 40k K 2
DA 560 73 5L 4.

3 REERWUE

IR ThE K IR e |, Bl S 2 1 R A 2R
JEF IO AT B A S TR Y
OIMT B AL SRR MGk s i SE A B A
I AT, BRI FOLIRE. o TOERA IR &
RitEm YO | LR A 2 2Otk

MK PRI LA S FE Fe (1D A1 Fe (D).
BRI, A E KR T, 456
FA AR O EE ks b 2s okt A, A
FIHZE SRR 5 2 Tl R Fe (TT) V', 4356
TR A A AT A O B TE R AL A OB T
.

By g AR iR A 1, 10-FE ek
Hjiﬂﬁ‘jzﬂ%:ﬂﬁ ( Ferene) [107] %njgu%u%[l%,l%dlo] %
Horp JERg X Fe (1) 1 2 U% M B4, A
1970 4F-H Stookey' """ #il Z J5 , HEBE Iz N TR
R AR FIE I . Fe (T RIAE SRS (8] B BLIR
MR ST R Fe (1), BOHE T FE 0 8 5 4 )5 W 19 7 7%
JRAIA3HF Fe( 1T + 1) SR A LWCC { SPE /ME &
SR I AT RIS Hh B 25 A AT o O R
K H B8 7 A nmol - L™ g 1), wl i Y] 1K | 3T RV
KR ARSI T R . FLAE 1991 4E | Coale 251" ikt
W72 P TV T TR DX A RV 1 D A7 0 2

BRAE pH 5.5 ~ 6.0 1955 2 A ot b nl i 2 i 4k
N,N- — H 3 X 2% — B (N,N- dimethyl-p-
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Table 3 Spectrophotometric methods for determination of ammonium in seawaters and their applications
s b AT BHiR - GEEERLE Sk
/nmol - L, /pmol - L,
OPA %3t FEEX TR 10 0.05 ~10 T TS 1O [79]
OPA %5 FFtt st SPE( HLB) 1.2 1. 67 ~300 nmol -L=" i b I 5 R 7K BE [84]
DA : 3 A LU A KR, S %
IPB- 4143t FIA-2.5 m LWCC 3.6 0.01 ~30 e [92]
G RGP + WERERE:  Fsh, O 5.8 0.03 ~0. 30 S0 5 ) A A Vg KR [93]
e . N 630 nm: 5.5 630 nm: 1
IPB- A1 - 43t SFA-GD-1 m LWCC 530 nm: 13 530 nm: 10 e 0 B A KA [94]
IPB-OPP 43 SFA-LWCC ; 2 2 0.20 AR LA T [95]
OPA % FIA-P&T 7.4 0.01 ~0.40 S8 2 0 XE R KR [96]
ppinvS SIA, TS - BT T AR B 1800 25 S0 2 A S VKRR [97]
CD-HER AL T I HE-50 0 FIA R SO W O RITRRR (8]
IPB-OPP-43: 1 cm 200 100 S0 I 5 UL R N VK R [98]
IPB-OPP-435: FIA 80 35 B ST AT KR [99]
OPA + TWHIREL + HRE-DEE  FIA, A HISEOBIIN A 2.1 0.30 IR REMT " [100]
e T LG, B 65 s s | o

PN N 5 5 ; N I 20N 2 Y A . ’

& RUH 9 R F + WA AR ER SO B X3 L2 S0 2 S I KA : 'fl_.' [101]
IPB-OPP-43 SIA,3 cm it j gl 150 200 | AREDREE AU T y [102]
Pk SIA-P&T ¥ 57 0.19~11 & SEHg Ml ki ke 7 [86]
OPA-ZE: FIA- %PE(HLB)“" 2 1.2/ ARG S 1B 4 {10}]‘

/7 ik

1) OPALE-H: — Eﬁﬁ§ (APB. 5, OPP 9[321:%7‘45% Gk ﬂwﬁfn UL -, NT LR

pheny]enedlamme . DPD ) # H,0,% .'Hf, ﬁ/@. £ }i
T"“B] P 2 57 Eﬁ%ﬁfﬁﬂﬁﬁfﬁfﬁf“%i@ B
B A B SPE B ALABHA BRI |

nmol"‘L"1 Tm%@7k¢r$%§5ﬁfi%%*ﬁﬁnﬁ1if

RO N = sl R R S R W E M =R
(nitrlloltrlacetlc amd, NTA) B F 2 HM g, 74
5 NTA Superflow! "™/

BT Fe( 1) 8 Fe ) X 45 E L2 ROGIR 5
A AR, AT ST S v R BORE 1 TR KR B O3
M5 i, Bowie 45 "UHE R T Fe( D) 4 4k 19 & K
W0, K& X Fe( I1) R RBCHE SR, RSO
T T PR 2R 2 A TR W Fe (1) A9 BL3Z 43
B, &t BR 21 pmol- L', 4K P 5 [l 21 ~ 2 000

pmol-L ™",

UEAEAHE K TR R 20 7GR I S T VAL
T4,
3.2 Hh

K IR AR RIS 0 A 7 vk E RS FA &5
AT O EE | AL L s
RIGk.

P i o 1P IO T 20 A K AR A B 28 T A
YR Y H ik R AR B2 HA T
PoR. 1-( 20 BE M R)- 2-2% By [ 1-(2-
pyridinylazo ) -2-naohthalenol , PAN ] 435 ) B 7 B R
R B 28k B, SR e TR T 1E

AW s
ﬁf*ﬂ/ﬁﬁﬁ%(&ﬁﬁﬁ ’ﬁa%ixmﬂﬂﬁ?ﬁﬁﬁ%’
IR 7, VLB G A i 0 R o
PAN 4B

R 1 e Ak A P P ST A Ak 2o T
RUR R A S 7 1A 28 A7 ey TR 3 4R 1k B £ fL 48 4
(leucomalachlte green, LMG) A% . {2 2 i Fllisd S8 AL &
AR R (Tivon ) (Y S €4 52 0. B A AL 23 DO
RS AZERE | pH IR SRS AR 1Y
LIE N

T A MR 52 40 455 « Olafsson” ™ 1 506 LMG

WA ZR 5 SCFA 454, X i 5 64T A sh il

SE; Resing 25 05 B4 IR 8- o ok (8-
hydroxyquinoline ,8-HQ ) /M5 | A Vi i , 7 & 4 1 [4]
AR K RS T4, Mallini 45" FI ] Tiron J2
ST SE K IR R B FIA-SPE (8-HQ ) =736t
JEk.

2 R A W e 8 R AU s A T 5
T TR AR 0 I o A (B SR ROGTE 32 K
FEIRTIEKR, — T 58 BB A RIRH G . F
H 8-HQ ., WZ I — Z 2 (iminodiacetic acid, IDA ) I,
NTA ZER I 2 £ P b 5 B2 50, PR DL 28 B0 68K 0 -
H,0, b2 K it AT A I, AT 4 57 vy R BB IR
BT

S ALA T ITAER K IR A Y S 23 1Ol
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Table 4  Spectrophotometric methods for determination of iron in seawaters and their applications
i |'| P R 5 il
SR D B 54y e WELMA LR ik
nmol - L, /nmol - L.
N N Fe( I 60 _ TN N e
FIAARIS B 0E-3 om i re( 13 1) ° 0.3 ~ 100 ol L~ JFER 0N AUV e e 1< [108]
e IR s Fe( 1) (ALY pH.,
FEME 43 )6-5 m LWCC Fe( 1) AR R S FE R [110]
X ) 1.6 64 A
FIA-DPD {4653 76-3 em ith Fe(I) o 15 im sPE(8-HQ) ) 100 TS LM 1 [116]
FA-SPE(NTA) -fi#fb43 gzg 111113 nmol - L~ 4 118 pH X & 42 Ay 5 [114]
. Fe( 1) 0.024 A0 5 AL PP S
FA-SPE(NTA) -DPD f#4k43% Fe( ) 0. 004 S [117,118]
FIA-& K%/ 0, L2 5 Fe( 1) 0.05 B0 G R P T KRR [119]
AUASPR(SHQ), DED AL, gy 0.025 9 5 AT R [120]
fa e T Fe( 1) 1 ~11 pmo]-L_I T >
FIA-E K%/ 0, b2 &0 Fe( 1l + 1) (i A 1.5 e 0 5 VY RSP T K AR [121}
FIA-EKi#5/0, -4k 25 K6 Fe( 1) 0.012 0. 125 E“L{D" |78 K 1452 Aiﬂ@ﬂ(#“ '[122
FIA-JEM% B CHEMINI {3 7% Fef"’é Eiﬂ) ‘_ggg 100 pmol -1~ | F?‘mwr [ iipaaiice %3 /109
; e 2. 7 f “;ﬁ o kX !
SIA-1 m LWCC-4Mk Fe( Il + 1) 6. 3 357 | SRR R ..;_,f’f 10?] J
s - NTA . 0.89 142 . N
MSFIA-SPE-a‘EH%ﬂfgﬁJ.‘Jﬁ:J m LWCC Fe( I + 1]1) Chéles. 1007 3 5 268 | J;%A%: mh/&f‘%%# = 'f;zsf
TFIA-DPD 1L Fe( Il +) /1 /' f0. Ao 0.8 ~23b;-:J b st Ei}ki? HRGLREKRE  [p24)
CFAFerene 53614 ém it Fe(1) W &/ 6/ M 0.1~2.0 pmol ™! SO0l % e X T _L25¥ 4
CFASDPD fiEfLspE” | 7 Fe( I +11 )= 0405 ng- = 0.1~5ng-g™' . FHES Mﬂ%&* SUKE [126]5
| A Fe(Ilp o S0 0.3 A A "
rFIA-iﬁﬂ%ﬂ%/Hﬁ_z m LWCC ey A 7 0.5~250 Rt AT [{\2{_7.;]
i ] [ -
EJ%SE'E(CLS) Atz F(Ip g f 0fse ) 0.5-50" B LAl AT 1 RGE A [128]
¢ ! Fe( Il + 1) HO' 96 "
1@@,.&1-3_?“%% yod Fe( 1) .2..7"_____#/’” 500 JEr A7 SO % 1 ) T [129]
pFI / Fe(II) Wﬁrﬁf@?f‘ S 5 0 A M KA [130]
1)DPD . N, N-ZFFSEXF R e NTA - IR = L B T 3c 4 M fig , MSFIA « Z2 1R S B TR Bh 43 40 MT, Ferene : IR —WE — 4k, AR 1
x5 EABEMNSFRIENEFEMEAY
Table 5 Spectrophotometric methods for determination of manganese in seawaters and their applications
b o H PR E Y R AR .
SHTHARE PR o ik
PAN /3 25 600 AUV |, 9386 22 PO 2 4 000 545088 A5 [ 132]
. 40 ~ 100 e
FA-SPE(IDA) -LMG 436 0.03 CRRBREAR) L0 5 P v ) K [136]
TR - K -H,0, fb 2 & 10 AUV 3% ROV |, BEE IR X [137]
\ N i 2 e e S A I T B3 R KRR PR
REALAS 6, N T 22 [ 2% | TR 2 LR T L R A [138]
WU -E K -H,0, fh2é KOt 280 500 ROV I, R i BRI X [139]
FA-PAN-1 m LWCC 3.0 10 ~1 500 A ERLE R E A AT [140]
TR -PAN 4306, [] el 2 2k 28 4.55 wmol - L=1  JEUS XL i8¢ 5 1l 16 ) v [129]
oA L Tion 0.55 10-640 SR KRR [141]
METals JF{3 43 MY PAN 4356-14 cm it 77 5 wmol-L=1  JEUT WL I % By ¥ v ) [142]
LMG fi#4k 5056, rFIA-1 m LWCC 0.2 0.50 ~ 10 S 3 b R T T KRR [143]
1 mLWCC: Mn(Il) 6.7; MaC ) 200
SeAEE A, LWCC MnOx 7 pmol -1 =" I:/]anx- :100 TR TG VE R B REK [144]
1 em¥h: Mn(Ill) 260; MnOx 2.6 ’
P I 5RU05-PAN + Triton-X100 27 3 ol -1 U M AR 81 [145]

A36-3. 46 em b

1) PAN 1-(2-EBESEA L) - 2-Z5 0, LMG ;. B (B FLAE 4%, Tirton - SREKIR ], HAv R 3% 4
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T 7K R A R T AN 22 [R) R R AR B
SE—E 00 5 BG4 A AT A e B T
AL EIE R B Ak 2% & e k. NTA #BR i 8-
HQ AT H 1 FH T4 00 5 45, AR R i i R
G

KA (D) AT A L BT
TG DN AR~ N S A AV L |
( diethyldithiocarbamate , DDTC) 19 52 . Ik & &
SR PR (T ) A AR v s ik (0 R
B, B ZB, BT AT WL 0 3 vk, o
2007 4[4 T 1 W R v 2 B I 5.

HEAL TR AR (I ) f AL S A S AR 5
o7 Y Jir RO o ] X AR R A A (D) AR
B e A A IR | A (T ) fE AR R AR Ak
FH LRI IENIR . 2019 4F, Zhang %510 3t
T CT0) i AR ST 4 AR A8 D A i R 0
MR P (I ), K R 0. 625 nmol L™, A
Fl 3. 13 ~ 547 nmol - L™". {H LA _EBFFE R SR 5L T 1%

eI LT T, Bk S FERHR, 50 R o

ST % 2008 4, Wang 41 ST TR
M 57 T S B 2, 5 S Ve TRk
HCI)I rBIA-LWCC-fi 1k 3 71 2% 53 e sy
HFR 0.23, nmol - 5=, W& FR 0. 025 ymol- L', 3¢
P46 £ VL P B .

g% b TR (1) 4 K i8-0,/ Hos T
TR I R ALV PRI S 4 ( 1) . (A 323K
BRI, — MRS E R B S S .
Sandford "' J£F FIA $R , R 8-HQ W i & 51
KA (D), VRIBES FH L, 10-FE RS Bk 27 O 1
W72, 28R 0.1 ~ 50 nmol-L™", K i FR 25
pmol'L_] ,ﬁiﬂJ(ﬁ"JﬁiTT’%ﬁﬁﬁéﬂjtﬁﬁﬁé%Eﬂ(
H 4 (D).
3.4

WHi AR IR E SR WARERITR. R E
B RARBA A, HAERZ K 45 B ) 1]
AR, W mT AR Ry 2k B Dty 3] 3% 2 18 1 0 7 B
R FE GEOTRACES T3k, 484k B a8 s S ifk A
ETE R BR M8 R T R AR R B S TR
KSR A IR 7 AR | 32 B T PR v K A
ST VR R A0 ) VR B AT, YR A 0 A A ROV .
2007 45, Tira 55 Xt KARAK Hh R 10 0 2 £ R AT T
LR A TR BE K OO AR R A i
UE | AR E AF

ZRBATHE -G B R U E YR OK AR A
TIE HERTE S I3 606 R 8 3 AR I O K

-

-
=

e ARy 2 AR R, FHRE T
Z . pH SN 5 A4 56T 20, B 20 T3 K 0 b ACA
Zhou 5PV 254 IDA 14y B & SEHAR R I FA-SPE
(IDA)-B8 R S 430G EE B 7E TR VLA 8 iy
SEJR AR R R BRI FR 43510k 0. 80 nmol - L~
1250 nmol - L™, 3 i i /0 & £ A BA AT £ 3 )
EBR.

AT 588 A OB B i 45 AR 2R L K
Wil RER, HKERS BERZEGOCEUTT
2K P BRI R . K PR B R B B 00 M O v
RE VNSOGB Bl 458 FA HORFI
SPE S50 B B AR 2 57 1994 qz,Resing 0155wk
DAScHE 8-HQ M ifw IR 4R, 458 FIA Al LMG 2¢
S I E T ORI T IR R A
BRI 0. 15 nmol L™ IR, Brown 2% X1 Jy i
HEATRACHE SR T TDA RIS 17 il hy i
8-HQ # i, # 36 FA-SPE (IDA) -ZOEHAOE L1
¥ FEARIE D A% 1 R (0 1 nmol ™" )y T 4
THEINE. Suarez S B THESIR LI ORI
HER DG BRI B Wy M T 5 K f A
R 5 nmol‘:‘ll_l'g&jta'u;}Spoigor gz (126] %ﬁﬁ%j“ﬁ’{%ﬁ ..
e BE 4 A T vk A B B (R 0. 68
ng-g™") (Kagd 51 PR N-o- T HE- 25 -
R 47 - 9O 45 & FA HORIE KIRK
FFEEK TP AR KPR 2. 1 nmol - L7

4 HNEEDSESRE

(1) Bl AR 50 0 A B Mo e 2K 9 H
g B e, /K IR R R a1 o B O
WIZATRA . FO R LR FP G R R H AR, i
Trik AR RV | SRYTTLRE ). BRI
SR B AUEAL ARG I 5 1k TS 8 DL oy 11 vk
& RRRER R Z T TObik. o 1otikik
5 Sh-al DL St ik | DOtk Mfeas kot
TESA TR 55001 W36 B i bt T RE T
o (H R RE , POk ML ROk p R
B R e (HL A2 AR TR AR AL S B9 T HEBOR.

(2) FI A A B, AT A — e B B4 v oot
FEYER REUE ; 454 FA BRSSO, F % A1 1
RARL/NETUR 4R | Al B M B2 T3 e i A )
A5 FRE I B AT T K R TR RE T, P
FHE, AR AG R R G IR SO R I R e R
B, B2 AE LWCC (14 R AP 45 2045 A 9 1A 2.
I, A HLAS SRR R 27 AT ) Fr it e | ¢
FHTHY SO HILAR T2 T A BB | A IR )
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(5) TR T, MR e 52 6 5 A 52 6358
AR S e R0 80 A JTOEI 5 WA B B A3 5
AR RUEIF R ) 0 T S A b Sk 7 7
Wy WG MR EFREERL 2 A TR R A0 H 5 6

{1 R R PR R e R . F B T

G )

?%ﬁ@%%ﬁ%nuﬁﬂb&%ﬁ%ﬁ%@
(6) B iAo e T it 4 i

STERE R SR L7 5 BT R I o,
IR A O U A 5 /KR T A e R

G5, (AT Y BN IR T
51308 % FAT 43 , 52 2 0P 0 £ R 23
e A RN AR | SR A e A
B AT — RS IR X SE AR 29 KR o
B P, LR A LA .

SE
[ 1] Field C B, Behrenfeld M J, Randerson J T, et al. Primary

production of the biosphere: integrating terrestrial and oceanic
components| J]. Science, 1998, 281(5374) ; 237-240.

Gruber N, Galloway J] N. An earth-system perspective of the
global nitrogen cycle[ J]. Nature, 2008, 451(7176) ; 293-296.
Toggweiler ] R. Oceanography : an ultimate limiting nutrient[ J].
Nature, 1999, 400 (6744 ) . 511-512.
Zhang ] Z.
spectrophotometric measurement of low silicate in natural waters
[J]. Talanta, 2009, 79(3) : 621-626.

Ma J, Byme R H. Flow injection analysis of nanomolar silicate

Amornthammarong N, Liquid-wave  guide

using long path-length absorbance spectroscopy [ J]. Talanta,
2012, 88 484-489.

Cheong C, Nonose N, Miura T, et al. Improved accuracy of
determination of dissolved silicate in seawater using absorption
spectrometry [ J ]. Accreditation and Quality Assurance, 2014,
19. 31-40.

Morel F M M, Price N M. The biogeochemical cycles of trace
metals in the oceans [ J]. Science, 2003, 300 (5621 ) 944-

947.

(8]

[9]

[11]

[12]

[13]

[14]

[15]

[16]

[19]

[20]

[21]

[22]

[23]

[24]

[27]

Tria J, Butler E C V, Haddad P R, et al. Determination of
aluminium in natural water samples [ J]. Analytica Chimica
Acta, 2007, 588(2) : 153-165.

Skeggs Jr L. T. An automatic method for colorimetric analysis
[J]. American Journal of Clinical Pathology, 1957, 28 (3) .
311-322.

Ruzzitka J, Hansen E H. Flow injection analyses: part I. A new
concept of fast continuous flow analysis[ J]. Analytica Chimica
Acta, 1975, 78(1) : 145-157.

Ruzicka J, Marshall G D. Sequential injection; a new concept for
chemical sensors, process analysis and laboratory assays|[J].
Analytica Chimica Acta, 1990, 237, 329-343.

Mir6 M, Oliveira H M, Segundo M A. Analytical potential of
mesofluidic lab-on-a-valve as a front end to column-separation
systems[ J]. TrAC Trends in Analytical Chemistry, 2011, 30
(1):153-164.

Worsfold P J, Clough R, Lohan M C, et al. Flow injection
analysis as a tool for enhancing oceanographic nutrient
measurements-A review [ J ]. Analytica Chimica Actﬁ, 2013,
803 15-40. i PP

Ma J, Yuan D X,/ Lin K N, e al.” Appliqgﬁ{ﬁ}% of flow
techniques /in seawater analysis: a review [ JJ% Trﬁ'é Trénds in
Environmqnta]‘.-An.alytical Chemistry, 2016, 10. _.l-‘jl().‘. =
Mansour F R, DanielsodN| D. Reverse ﬂOWflil;’ljlegt.fon analysis
[J]. TvAC Trenﬁls“in'Analylical Chemistry, 2012740 . l"ll‘lé_l_,.s"x
Ma J,“. Adornato L, Byrr:.(le R H, et al Délennir;z_uion of
nanorr‘lolllla'f levelsof nutrients in seawater [ J]. TrAC T;-én(!s in_
Analytical Chemistry , 20147 60 1-15. _

DuPon;,w"[ EB/OL]/ https ://www. dupont. com/, 2622—02—02."'.-#
Gimbeért Llfr, Worsfold™P!J. Environmental applications of ligtiid-
waveguid'é-capillary cells’ coupled with spectroscopic det‘géliun
[J]. TrAC Trends in Analytical Chemistry, 2007, 26(9) : 914-
930. g
EnviroTech Instruments. EcoLAB 2 multi-channel analyzer
system data sheet [ EB/OL]. http://www. labtech. com. mx/
files/ecolab_2. pdf, 2022-03-28.

Sea-Bird Scientific. Nutrient sensors [ EB/OL]. https://www.
seabird.  com/nutrient-sensors/family?  productCategoryld =
54627869921, 2022-03-28.

ClearWater parameters [ EB/OL ].

hitps ; //www. clearwatersensors. com/, 2022-03-28.

Sensors, Measurement
Systea S. p. A. WIZ (water in-situ analyzer) probe data sheet
[EB/OL]. http://www. systea. it/index. php? option = com _
k2&view = item&id = 223. systea-spa-wiz-probe&ltemid =
175&lang = en, 2022-03-28.

YSI Inc. 6920 V2-2 multiparameter water quality sonde data
sheet[ EB/OL]. https://www. ysi. com/6920-V2-2, 2022-03-
28.

GB/T 12763.4-2007 , WP ARNE 55 4 #R5> WK~ 5E
ESEIIR

GB 17378.4-2007,, WA MM 55 4 #50. WoK AT S].

USEPA, Methods for the Determination of Chemical Substances
in Marine and Estuarine Environmental Matrices, 2nd edition
[M]. Cincinnati, USA; 1997.

Ma J, Yuan D X, Liang Y, et al. A modified analytical method
for the shipboard determination of nanomolar concentrations of
orthophosphate in seawater[ J]. Journal of Oceanography, 2008,
64(3) . 443-449.

Ma J, Yuan D X, Liang Y. Sequential injection analysis of
nanomolar soluble reactive phosphorus in seawater with HLB solid

phase extraction[ J]. Marine Chemistry, 2008, 111(3-4) . 151-



4830 7N b} s = 43 %
159. [44] TLiang Y, Yuan D X, Li Q L, et al. Flow injection analysis of

[29] Mesquita R B R, Ferreira M T S O B, Tsth I V, et al. ultratrace orthophosphate in seawater with solid-phase enrichment
Development of a flow method for the determination of phosphate and luminol chemiluminescence detection[ J]. Analytica Chimica
in estuarine and freshwaters-comparison of flow cells in Acta, 2006, 571(2) : 184-190.
spectrophotometric sequential injection analysis [ J ]. Analytica [45] Adornato L R, Kaltenbacher E A, Greenhow D R, et al. High-
Chimica Acta, 2011, 701(1): 15-22. resolution in situ analysis of nitrate and phosphate in the

[30] MaJ, Li Q L, Yuan D X. Loop flow analysis of dissolved oligotrophic ocean [ J ]. Environmental Science & Technology,
reactive phosphorus in aqueous samples [ J ]. Talanta, 2014, 2007, 41(11) ; 4045-4052.

123 218-223. [46] Li Q P, Hansell D A. Intercomparison and coupling of

[31] Kortazar L, Alberdi S, Tynan E, et al. An adapted flow injection magnesium-induced  co-precipitation and  long-path  liquid-
analysis method of phosphate for estuarine samples avoiding waveguide capillary cell techniques for trace analysis of phosphate
matrix effects[ J]. Microchemical Journal, 2016, 124 . 416-421. in seawater[ J ]. Analytica Chimica Acta, 2008, 611(1): 68-

[32] MaJ, Yuan Y, Yuan D X. Underway analysis of nanomolar 72.
dissolved reactive phosphorus in oligotrophic seawater with [47] Li Q P, Hansell D A, Zhang J Z. Underway monitoring of
automated on-line solid phase extraction and spectrophotometric nanomolar nitrate plus nitrite and phosphate in oligotrophic
system[ J]. Analytica Chimica Acta, 2017, 950 80-87. seawater[ J]. Limnology and Oceanography: Methods, 2008, 6

[33] MaJ, Yuan D, Zhang M, et al. Reverse flow injection analysis (7):319-326.
of nanomolar soluble reactive phosphorus in seawater with a long [48] Zimmer L. A, Cutter G A. High resolution determination of
path length liquid waveguide capillary cell and spectrophotometric nanomolar concentrations of dissolved reactive phosphate in ocean
detection[ J]. Talanta, 2009, 78(1) : 315-320. surface waters using long path liquid waveguide .ﬂfl‘l:).;uﬂly;(‘jells

[34] Mesquita R B R, Santos I C, Bordalo A A, et al. Sequential (LWCC) sand spectrometric detection [ ‘J 1. L.um‘rnglogy and
injection system exploring the standard addition method for Oceanography : Methods 2012, 10(8) : 568=580. , y
phosphate determination in high salinity samples: intf.istitial, [49] Yuan Y, Wang S Yuan D X, et al. A simple anﬂ (’[:-} -effective
transitional and coastal waters[ J]. Analytical Meth0d§, 2012, 4 manual solid*phase extractlon method for the’ delpx‘mmallgn of
(5): 1452-1457. i { nanomollar dlssolyued réactive phosphorus in aqueous sdn_lpl'es __J]'

[35] Ribeito M F T,.._Qéutg CMCM, Concei@ﬁo.P M M ét. al ~An", Limna}dgy and.r"Oceani)grapl}y: Methods, 2016%°14 (%‘) 2 79-

~automated rﬁ'ulti -pumping  pulsed ﬂow- sy’stem ¥ Wrt“h- 86. iy & ‘u'u .
. spemrophqmmetri( delecnon for the determma‘uoﬂ of ubp}r’éle in [50] Ehamd M Hashlhan}h F‘ Kinouchi S, el al _§ens.iﬁ§f.%_-_‘,
natural watgrfé[ J I Analytlral Letterss*2013% 6 ( )y 17@2_— determmanon of total gparticulate phosphnru% and particulafé.
[1748. /= | “‘.“ 3 inorgdnic Uphosphorus®®in seawater using liquid wa\:eg‘uiﬂde
3.61“'\ Kozak ], Latocha K, Kochana J, etﬂ."'.“al.““.M Sintliheous spectrup]’fotometry[.] ]. Talanta, 2016, 153; 66-70. i
specltrophotomeuﬁ’,‘ﬂnw injection determination ‘6f pl‘i““nspha'ie and J [51] Hashihama F:- Suwa S, [Kanda J. Liquid waveguide
;si]ic'late[J].‘ Ta]anta,MZOIS, 133. 150-154. ' 8 L~ H_..__,..-' spectrophotometric measurements of arsenate and particulate

[37]) Neves™ MS. Al C, Souto M R S, “th 1 V, et = arsenic, as well as phosphate and particulate phosphorus, in
Spr;trophotomelrfb flow system using vanadomolybdophosphate seawater[ J ]. Journal of Oceanography, 2017, 73 (4). 439-
detection chemistry and a liquid waveguide capillary cell for the 447.
determination of phosphate with improved sensitivity in surface [52] Hatta M, Measures C I, Ruzicka J. Determination of traces of
and ground water samples [ J]. Talanta, 2008, 77 (2): 527- phosphate in sea water automated by programmable flow
532. injection; surfactant enhancement of the phosphomolybdenum

[38] Uemura T, Ogusu U, Takeuchi M, et al. Spectrophotometric blue response[ J]. Talanta, 2019, 191; 333-341.
determination of trace phosphate ions by amplitude-modulated [53] Zhang T, Fan H L, Jin Q H. Sensitive and selective detection of
flow analysis coupled with malachite green method [ J ]. nitrite ion based on fluorescence superquenching of conjugated
Analytical Sciences, 2010, 26(7) : 797-801. polyelectrolyte[ J]. Talanta, 2010, 81(1-2) ; 95-99.

[39] LiH, Zhang X S, Yu L' Y, et al. The determination of phosphate [54] Masserini R T, Fanning K A, Hendrix S A, et al. A coastal
in seawater by reverse flow injection spectrophotometry [ J]. surface seawater analyzer for nitrogenous nutrient mapping[ J].
Reviews in Analytical Chemistry, 2012, 31(2) : 99-105. Continental Shelf Research, 2017, 150, 48-56.

[40] Ogusu T, Uchimoto K, Takeuchi M, et al. Air segmented [55] Yaqoob M, Biot B F, Nabi A, et al. Determination of nitrate and
amplitude modulated multiplexed flow analysis with software- nitrite  in  freshwaters using flow-injection ~with  luminol
based phase recognition: determination of phosphate ion [ J]. chemiluminescence detection[ J]. Luminescence, 2011, 27(5) :
Talanta, 2014, 118 123-128. 419-425.

[41] Liu R, Ishimatsu R, Yahiro M, et al. Photometric flow injection [56] Mikuska P, Capka L, Vetefa Z, et al. Photo-induced flow-
determination of phosphate on a PDMS microchip using an optical injection determination of nitrate in water [ J ]. International
detection system assembled with an organic light emitting diode Journal of Environmental Analytical Chemistry, 2014, 94(10) :
and an organic photodiode[ J]. Talanta, 2015, 132 96-105. 1038-1049.

[42] Krockel L, Lehmann H, Wieduwilt T, et al. Fluorescence [57] Foreman R K, Segura-Noguera M, Karl D M. Validation of Ti
detection for phosphate monitoring using reverse injection analysis (IT') as a reducing agent in the chemiluminescent determination
[J]. Talanta, 2014, 125. 107-113. of nitrate and nitrite in seawater[ J]. Marine Chemistry, 2016,

[43] Zhang Y Q, Sheng S S, Mao S, et al. Highly sensitive and 186 . 83-89.
selective fluorescent detection of phosphate in water environment [58] Patey M D, Rijkenberg M J A, Statham P J, et al. Determination

by a functionalized coordination polymer[ J]. Water Research,

2019, 163, doi: 10.1016/j. watres. 2019. 114883.

of nitrate and phosphate in seawater at nanomolar concentrations

[J]. TrAC Trends in Analytical Chemistry, 2008, 27(2) : 169-



RARRAF .

AR B AL 2 058 F AT b5

B 4831

[62]

[63]

[64]

[6“6}

/ bisulfide in the ocean [ J].

[68]

[(71]

[(72]

[73]

182.
Griess P. Bemerkungen zu der abhandlung der HH. Weselsky
und benedikt “ueber einige azoverbindungen” [ J]. Berichte Der
Deutschen Chemischen Gesellschaft, 1879, 12(1) ; 426-428.
Ellis P S, Shabani A M H, Gentle B S, et al. Field measurement
of nitrate in marine and estuarine waters with a flow analysis
system utilizing on-line zinc reduction[ J]. Talanta, 2011, 84
(1):98-103.

Mesquita R B R, Ferreira M T S O B, Segundo R L A,

Development of a sequential injection system for the determination

et al.

of nitrite and nitrate in waters with different salinity; application
to estuaries in NW Portugal [ J]. Analytical Methods, 2009, 1
(3): 195-202.

Horstkotte B, Duarte C M, Cerda V. Chip-on-valve concept: an
integrated platform for multisyringe flow injection analysis:
application to nitrite and nitrate determination in seawater[ J].
Analytical Letters, 2013, 46(15) ; 2345-2358.

Lin KN, Wang L H, Xu J, et al. Reverse flow injection method
for field determination of nitrate in estuarine and coastal waters
using a custom-made linear light path flow cell and the vanadium
reduction method[ J]. Microchemical Journal, 2022, 172, doi:

10. 1016/j. microc. 2021. 106901.
Fang T Y, Li P C, Lin K N,

analysis of nitrate and nitrite in estuarine and coastal waters using

et al. Simultaneous garxlérway

an automated integrated syringe-pump-baséd environn‘:nental-waler

analyzer[ J]. AnaIytlca Chimica Acta, 2019 1076, 100-109-

~Sandford R C ernberger A, Worsfold PJ Nltrogén cycl'hng.ﬂ'h =

ho.w‘fnelry

with surnult'gﬁeous dPlPrmlnatmn of m{rate-"and nifrite {Jl

natural wa,térs uSmg in situ, reagentless uw spec

| Environméntal Sdience & Technology , 2007,“‘.41 (24)_ 8420-
J 8425. = ' Y

Johnson K'S, Goletti L J. In situ ultravmlet Jipectropholometry for

hlgh resqlution and long-term momtormg of mtrale b’__pmlde anl
Deep Sea’ Research Part- -'I,"
Ocdz;nographic Résearch Papers, 2002, 49(7) : 1291-1305.
Wang H, Ju A B, Wang L Q. Ultraviolet spectroscopic detection
of nitrate and nitrite in seawater simultaneously based on partial
least squares| J]. Molecules, 2021, 26 (12), doi: 10. 3390/
molecules26123685.

Zhu X Y, Yu K X, Zhu X F, et al. An improved algorithm for
measuring nitrate concentrations in seawater based on deep-
ultraviolet spectrophotometry; a case study of the aoshan bay

seawater and western Pacific seawater[ J ]. Sensors, 2021, 21
(3):965.

Battaglia T M, Dunn E E| Lilley M D, et al. Development of an
in situ fiber optic Raman system to monitor hydrothermal vents
[J]. Analyst, 2004, 129(7) : 602-606.

Adornato . R, Kaltenbacher E A, Villareal T A,

Continuous in

et al.

situ  determinations of nitrite at nanomolar

concentrations[ J |. Deep Sea Research Part 1; Oceanographic
Research Papers, 2005, 52(3) ; 543-551.

Zhang J Z, Fischer C J. A simplified resorcinol method for direct
spectrophotometric determination of nitrate in seawater [ J ].
Marine Chemistry, 2006, 99(1-4) . 220-226.

Chen G H, Yuan D X, Huang Y M, et al. In-field determination
of nanomolar nitrite in seawater using a sequential injection
technique combined with solid phase enrichment and colorimetric
detection[ J]. Analytica Chimica Acta, 2008, 620 (1-2) . 82-
88.

Zhang M, Yuan D X, Chen G H,

determination of nitrite and nitrate at nanomolar level in seawater

et al. Simultaneous

[75]

[76]

[77]

[80]

[81]

[82]

[83]

[85]

[86]

[87]

using on-line solid phase extraction hyphenated with liquid
waveguide capillary cell for spectrophotometric detection [ J ].
Microchimica Acta, 2009, 165(3) ; 427-435.

Zhang M, Yuan D X, Huang Y M,

spectrophotometric determination of nanomolar nitrite in seawater

et al. Sequential injection

by on-line preconcentration with HLB cartridge [ J]. Acta
Oceanologica Sinica, 2010, 29(1) : 100-107.
Liu BM, Su HT, Wang S, et al. Automated determination of

nitrite in aqueous samples with an improved integrated flow loop

analyzer[ J]. Sensors and Actuators B; Chemical, 2016, 237
710-714.

ARINT ) TS0, AR, G MK R Eh 1 TG IR 2k T B
L] Mﬁﬂc*‘ﬁ, 2017, 45(2) ; 151-156.

Lin KN, Ma J, Yuan D X, et al. Determination of nitrate in
seawater with valve-free continuous flow analysis[ J]. Chinese
Journal of Analytical Chemistry, 2017, 45(2) : 151-156.

Hatta M, Ruzicka J, Measures C 1. The performance of a new
linear light path flow cell is compared with a liquid core
waveguide and the linear cell is used for spectrophotometric
determination of nitrite in sea water at nanqmqlar.nf;ﬁ;éentriitinns
[J]. Talanta, 2020, 219, doi: 10. 1'(516/j. adlipta 2020,
121240. F
Kérouel R, Amlnnt A. Fluorometn(‘ delPrmmatmn of fonia in
sea and esturine waters hV direct segmented -ﬂow ?ﬁalysw[.l
Marine Chemlbtry* 1997, 57(3-4) ; 267-275. - A .;_,.-".

Amnmﬂmmmarﬁng N "Zhang J Z, Ortner P B, "et"al. A#pnrtable

analyser for the. measurement of ammonium in marine waters[] ] )
Envlronm,emal S(lence)‘ Picesses & Impacts, 201_3_, 15 (3") :.__.:'
579-584.

Terry’] MfAdcock J L,IOlson D C, et al. Chemllummescence
detector with a serpentine flow cell [ J]. Analytical Chemlsuy,
2008, 80(24)"; 9817-9821.

Marques K L, Pires C K, Santos J L. M, et al. A multi-pumping
flow system for chemiluminescent determination of ammonium in
natural waters [ J ]. International Journal of Environmental
Analytical Chemistry, 2007, 87(2) . 77-85.

Li Q P, Zhang J Z, Millero F J, et al. Continuous colorimetric
determination of trace ammonium in seawater with a long-path
liquid waveguide capillary cell[ J]. Marine Chemistry, 2005, 96
(1-2): 73-85.

Chen G H, Zhang M, Zhang Z,

extraction and spectrophotometric detection with flow technique

et al. On-line solid phase
for the determination of nanomolar level ammonium in seawater
samples[ J]. Analytical Letters, 2011, 44(1-3) ; 310-326.

Zhu 'Y, Yuan D X, Huang Y M,

system for on board determination of ultra-trace ammonium in

et al. A sensitive flow-batch
seawater; method development and shipboard application [ J].
Analytica Chimica Acta, 2013, 794 . 47-54.

Plant ] N, Johnson K S, Needoba J A, et al. NH4-Digiscan: an
in situ and laboratory ammonium analyzer for estuarine,
and shelf waters[ J]. Methods,
2009, 7(2) : 144-156.

Dimitriadou A, Anthemidis A. Automatic on-line purge-and-trap

coastal ,

Limnology and Oceanography :

sequential injection analysis for trace ammonium determination in

untreated estuarine and seawater samples[ J]. Molecules, 2020,
25(7), doi; 10.3390/molecules25071569.
Oliveira S M, da Silva Lopes T I M, Téth I V,

Determination of ammonium in marine waters using a gas diffusion

et al.

multicommuted flow injection system with in-line prevention of
metal hydroxides precipitation [ J ]. Journal of Environmental

Monitoring, 2009, 11(1) . 228-234.



4832 7S b} s % 43 %
[88] Sraj L C, Almeida M1 G S, McKelvie I D, et al. Determination [103] Wang T, Huang Y M, Xu J, et al. A modified method of on-
of trace levels of ammonia in marine waters using a simple line solid phase extraction and fluorometric detection for
environmentally-friendly ammonia ( SEA) analyser[ J]. Marine underway monitoring and onboard analysis of trace ammonium in
Chemistry, 2017, 194, 133-145. seawater [ J |. Deep Sea Research Part I; Oceanographic
[89] Gray S M, Ellis P S, Grace M R, et al. Spectrophotometric Research Papers, 2021, 173, doi: 10. 1016/]. dsr. 2021.
determination of ammonia in estuarine waters by hybrid reagent- 103547.
injection gas-diffusion flow analysis[ J]. Spectroscopy Letters, [104] Asan A, Andac M, Isildak I. Flow injection spectrofluorimetric
2006, 39(6) . 737-753. determination of iron ( Il ) in water using salicylic acid [ J].
[90] Oliveira SM, Lopes TIM S, Toth IV, et al. A multi-commuted Chemical Papers, 2010, 64(4) . 424-428.
flow injection system with a multi-channel propulsion unit placed [105] Sayour H E M, Razek T M A, Fadel K F. Flow injection
before detection: spectrophotometric determination of ammonium spectrofluorimetric determination of iron in industrial effluents
[J]. Analytica Chimica Acta, 2007, 600(1-2) : 29-34. based on fluorescence quenching of 1-naphthol-2-sulfonate[ J ].
[91] ZhuY, Chen J F, Yuan D X, et al. Development of analytical Journal of Fluorescence, 2011, 21(4) ; 1385-1391.
methods for ammonium determination in seawater over the last two [106] Pascoa R N M J, Téth I V, Rangel A O S S. Sequential
decades[ J]. TrAC Trends in Analytical Chemistry, 2019, 119, injection trace determination of iron in natural waters using a
doi; 10.1016/j. trac. 2019. 115627. long-pathlength ~ liquid  core  waveguide and  different
[92] Zhu Y, Yuan D X, Huang Y M, et al. A modified method for spectrophotometric ~ chemistries [ J ].  Limnology and
on-line determination of trace ammonium in seawater with a long- Oceanography : Methods, 2009, 7(11) . 795-802.
path liquid waveguide capillary cell and spectrophotometric [107] Hennessy D J, Reid G R, Smith F E, et al. Ferene==a new
detection[ J]. Marine Chemistry, 2014, 162 114-121. spectrophotometric reagent for iron [ J]. .Capadi-aﬁ“.-.]oun}al of
[93] Liang Y, Pan Y M, Guo Q, et al. A novel analytical method for Chemistry #1984, 62 . 721-724. { ._,_.‘-"r. !
trace ammonium in freshwater and seawater mSing 4- [108] Sarradin P M, Le Bris N, Le Gall C, et al.“Fe dn'alysm by the
methoxyphthalaldehyde as fluorescent reagent [ J]. J(f:.-.usr‘lal of ferrozine mPthod adaptanon to FIA towards i in, éltu alysis in
Analytical Methods in Chemistry, 2015, d01 10. 1!55/2015/ hydrothermal env1r0nment[]]. Talanta, 2005, 66.‘,(‘5) l131-
387207. f 1138. P \ s A
[94] Kodama T, Ichlkﬂwa T, Hidaka K, et al A'highly sensitivesand ™, [109] Vulllemln R, .nLe Roux D, Dorval P, et al. CHEMINL.ﬁ new in
~arge (‘oncenlrafllon range colorimetric contintioys ﬂow ana],yﬁsl,fdr- situ CHle(al MINIaturwed fanalyzer[ J]. Deep Sea Besearch i
. ammoniums (uncdmratwn [J]. Journal of Oeeanbg ﬁgﬁy,,&ﬁlS Part 1. OceanographltheSEar(h Papers, 2009 56(8) 13‘9'1-
SUTI(1) ;652 75 - = v ot 1399,/ ! 8 &
[95] | Hashihamé F, " Kanda J, Tauchi A, et al. Ilqm( wavegﬂlde [110] Santéma;ﬁsiano J M) Gonzilez-Davila M, Millero TROT
- spectruphotomemc measurement of nanomoldr ammoAlum in Oxidation of nanomolar levels| of Fe( II') with oxygen in/ “t'l'z-:tural
seawhler based lgn' the indophenol reaotmn w1th 0- ptenylpthnl waters| J |. Environmental Science & Technology, 2005, 39
OPP) ] g Talanta, 2015, 143 374- 3804 4 L~ (7) : 2073-2079. =
[96] i Zhu Y, Yean D X, Lin HY, et al. Determmatlon of dmmomu'm [111] Stookey L. Ferrozine—a new spectrophotometric reagent for iron
in @éawater by putge-and-trap and flow injection with fluorescence [J]. Analytical Chemistry, 1970, 42, 779-781.
detection[ J]. Analytical Letters, 2016, 49(5) : 665-675. [112] Coale K H, Chin C S, Massoth G J, et al. In situ chemical
[97] Sramkova I, Horstkotte B, Sklenatovd H, et al. A novel mapping of dissolved iron and manganese in hydrothermal
approach to lab-in-syringe head-space single-drop microextraction plumes[ J]. Nature, 1991, 352(6333) . 325-328.
and on-drop sensing of ammonia[ J]. Analytica Chimica Acta, [113] Hirayama K, Unohara N. Spectrophotometric catalytic
2016, 934 132-144. determination of an ultratrace amount of iron ( I ) in water
[98] MalJ, Li P C, Lin K N, et al. Optimization of a salinity- based on the oxidation of N, N-dimethyl-p-phenylenediamine by
interference-free indophenol method for the determination of hydrogen peroxide[ J]. Analytical Chemistry, 1988, 60(23) .
ammonium in natural waters using o-phenylphenol[ J]. Talanta, 2573-2577.
2018, 179 608-614. [114] TLohan M C, Aguilar-Islas A M, Franks R P, e al.
[99] LinKN, Li PC, WuQ L, et al. Automated determination of Determination of iron and copper in seawater at pH 1. 7 with a
ammonium in natural waters with reverse flow injection analysis new commercially available chelating resin, NTA Superflow
based on the indophenol blue method with o-phenylphenol [ ] ]. [J]. Analytica Chimica Acta, 2005, 530(1); 121-129.
Microchemical Journal, 2018, 138 519-525. [115] Bowie A R, Achterberg E P, Ussher S, et al. Design of an
[100] Zhu Y, Chen]JF, Shi X L, et al. Development and application automated  flow  injection-chemiluminescence  instrument
of a portable fluorescence detector for shipboard analysis of incorporating a miniature photomultiplier tube for monitoring
ammonium in estuarine and coastal waters [ J ]. Analytical picomolar concentrations of iron in seawater [ J ]. Journal of
Methods, 2018, 10(15) ; 1781-1787. Automated Methods & Management in Chemistry, 2005, doi:
[101] Zhang M, Zhang T, Liang Y, et al. Toward sensitive 10. 1155/JAMMC. 2005. 37.
determination of ammonium in field: a novel fluorescent probe, [116] Laés A, Vuillemin R, Leilde B, et al. Impact of environmental
4, 5-dimethoxyphthalaldehyde along with a hand-held portable factors on in situ determination of iron in seawater by flow
laser diode fluorometer [ J |. Sensors and Actuators B: injection analysis [ J ]. Marine Chemistry, 2005, 97 (3-4) .
Chemical, 2018, 276 356-361. 347-356.
[102] LiP C, Deng Y, Shu H L, et al. High-frequency underway [117] Lohan M C, Aguilar-Islas A M, Bruland K W. Direct

analysis of ammonium in coastal waters using an integrated
syringe-pump-based environmental-water analyzer (iSEA)[J].

Talanta, 2019, 195 638-646.

determination of iron in acidified (pH 1.7) seawater samples by

flow injection analysis with catalytic spectrophotometric

detection; application and intercomparison[ J]. Limnology and



1134

RARRAF .

T 7K IR e R AR AN G A B TG RE T O i ik

& 4833

[118]

[119]

[120]

[121]

[122]

[123]

[124] ~Huang Y M 'Yuan DX, DaiMH, e al Rewerse ﬂow lrﬂ'ecpo‘n Zi

[ 125 1

[126j

[127]

[128]

[129]

[130]

[131]

[132]

2012,

Oceanography : Methods, 2006, 4(6) ; 164-171.

Lohan M C, Bruland K W. Elevated Fe( Il ) and dissolved Fe
in hypoxic shelf waters off oregon and Washington: an enhanced
source of iron to coastal upwelling regimes[ J]. Environmental
Science & Technology, 2008, 42(17) ; 6462-6468.

Hopkinson B M, Barbeau K A. Organic and redox speciation of
iron in the eastern tropical North Pacific suboxic zone [ ] ].
Marine Chemistry, 2007, 106(1-2); 2-17.

Landing W M, Brown M T, High-
resolution Al and Fe data from the Atlantic Ocean CLIVAR-CO,
repeat Hydrography A16N transect

Measures C 1T, et al.
extensive linkages between
Global
1029/

atmospheric dust and upper ocean geochemistry [ J ].
Biogeochemical Cycles, 2008, 22 (1), doi; 10.
2007 GB003042.

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

Hansard S P, Landing W M. Determination of iron ( II ) in

Limnology

acidified seawater samples by luminol chemiluminescence[ J].
Limnology and Oceanography: Methods, 2009, 7 (3 ). 222-
234.

Pascoa RN M J, Toth T V, Rangel A O S S. A multi=syringe
flow injection system for the spectrophotometric deternination of
trace levels of iron in waters using a liquid waveguide capillary
cell and different chelating resins and red“élion cherﬂ'{s}ries[ Jl.

Microchemical Jnilrnal 2009, 93(2) . 153 158.

ma-ﬂ'f‘ on of

iron in esspﬁrlne and coastal waters; " com-paneon with ‘_nonnal
flow injeGtion analysis[ J]. Talanta, 2012 93 86-93. §
Meyer D, Prien R D, Dellwig O, et al/ In snu (leleMdtlon of

1rorr( II') /in the' anoxic zone of the |central Baltl(’ §ea using |

analysis methodll for catalytic spe(trophotometno"del

fefene as s eclrophot@metrlc reagent [ .l]
130-131; 21-27.
Sp“(;lanr A, Vallelonga P, Gabrieli ], et al.

analysis method for determination of soluble iron and aluminium

Contlnunus flow

in ice cores[ J]. Analytical and Bioanalytical Chemistry, 2013,
405(2-3) ;. 767-774.

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.

Chen Y J, Huang Y M, Feng S C, et al. Solid phase extraction

coupled with a liquid waveguide capillary cell for simultaneous

et al. Real-time redox

redox speciation analysis of dissolved iron in estuarine and
coastal waters[ J]. Analytical Methods, 2015, 7(12); 4971-
4978.

Milani A, Statham P J, Mowlem M C,
application of a microfluidic in-situ analyzer for dissolved Fe and
Mn in natural waters[ J]. Talanta, 2015, 136; 15-22.

Hatta M, Measures C I, Ruzicka J.
principle, methodology and application for trace
Talanta, 2018, 178 .

et al. Development and

Programmable flow
injection.
analysis of iron in a sea water matrix[J].
698-703.

Grasshoff K, Ehrhardt M, Kremling K. Methods of seawater
analysis[ M|. Weinheim, Germany; Verlag Chemie, 1983.
Statham P J, Connelly D P, German C R,

complex distribution of dissolved manganese in a fjord as

et al. Spatially
revealed by high-resolution in situ sensing using the autonomous
underwater vehicle Autosub [ J ]. Environmental Science &

Technology , 2005, 39(24) : 9440-9445.

Marme ﬁhemlijy;’y,f

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

Olafsson J. The semi-automated determination of manganese in
sea water with leuco-malachite green[ J]. Science of the Total

1986, 49 101-113.

Resing ] A, Mottl M J. Determination of manganese in seawater

Environment,

using flow injection analysis with on-line preconcentration and
spectrophotometric detection[ J]. Analytical Chemistry, 1992,
64(22) : 2682-2687.

Mallini L J, Shiller A M. Determination of dissolved manganese
in seawater by flow injection analysis with colorimetric detection
[J]. Limnology and Oceanography, 1993, 38 (6): 1290-
1295.

Aguilar-Islas A M, Resing J] A, Bruland K W. Catalytically
enhanced spectrophotometric determination of manganese in

seawater by flow-injection analysis with a commercially available

resin for on-line preconcentration [ J ]. Limnology and
Oceanography; Methods, 2006, 4(4) . 105-113.
Provin C, Fukuba T, Okamura K, et al. Detection of new

hydrothermal sources using an in situ integrated analyzer for
manganese ( [l SA-Mn) [ A]. In: 2011 IEEE Symposium on
Underwater Technology and Workshop on .Scienﬁ'fic Use of
Submarine~Cables and Related Technoiogies L_G"'j,‘fl Tokyo,
Japan; IEEE, 2011, 2

JIHW, Xu Y L1 S, et al. Simultaneous dPanﬁlnat f-of iron
and manganese in water ll.lsmg artificial neural’ ne}\}ﬁrk catalytic
bpectropholometnc method [ J]. Journal of Ocean, Un_ifve'irgigji‘ﬁ)f
Chlna 2012,-'11(3)" 323:-330. r =

l‘ukuba T, Ok&mura K,
mlcroﬂ.ulél,hc system fop mdhgdnese anomaly dete(llon based”o

Provin (€}, et al. An lfl;tegratedll
chem;}hm}nesceno&, description and practmal use to dlscovﬁr
hydrbthf_:fldal plumesTiear the Okinawa Troughf.J ]. IEEE
Joutnal ‘of Ocetmic Engineering, 2013, 38(1) . 178-185“'1"#
Feng § C, Hﬁ-ang Y M, Yuan D X, et al. Development and
application of a shipboardll method for spectrophotometric
determination of trace dissolved manganese in estuarine and
coastal waters[ J|. Continental Shelf Research, 2015, 92 37-
43,

Chaparro L, Ferrer L, Leal L O, et al. Automatic flow analysis
method to determine traces of Mn?* in sea and drinking waters
by a kinetic catalytic process using LWCC-spectrophotometric
detection[ J]. Talanta, 2016, 148 . 583-588.

Meyer D, Prien R D, Dellwig O,
system for in situ measurements of dissolved manganese in

, 2016, 16(12), doi: 10.3390/

et al. A multi-pumping flow
aquatic systems[ J]. Sensors
$16122027.

Feng S C, Yuan D X, Huang Y M,

spectrophotometric  method for determination of nanomolar

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

Jones M R, Luther G W, Mucci A,

reactive Mn (Il )-L. and MnO, in estuarine and marine waters

et al. Concentrations of

determined using spectrophotometry and the leuco base,
leucoberbelin blue[ J]. Talanta, 2019, 200 91-99.

GeiBler F, Achterberg E P, Beaton A D, Lab-on-chip
analyser for the in situ determination of dissolved manganese in
seawater[ J]. Scientific Reports, 2021, 11(1), doi; 10. 1038/
s41598-021-81779-3.

Sandford R C.
flow injection with
Plymouth: University of Plymouth, 2002.

GB 17378.4-1998 , i MM 55 4 #6571

et al.

The determination of copper in sea water using
detection [ D ].

chemiluminescence

WK AT ST



4834 2N b} =S = 43 &

[148] Prasad S. Kinetic method for determination of nanogram amounts injection analysis method with iminodiacetate chelation and
of copper( Il ) by its catalytic effect on hexacynoferrate ( 1Il ) - spectrophotometric detection for on board determination of trace
citric acid indicator reaction [ J ]. Analytica Chimica Acta, dissolved aluminum in seawater[ J]. Analytical Methods, 2016,
2005, 540(1): 173-180. 8(22) . 4473-4481.

[149] Rustoiu-Csavdari A, Mihai D, Baldea 1. Kinetic catalytic [155] Resing J A, Measures C I. Fluorometric determination of Al in
determination of trace Cu ( Il ) in water samples with the seawater by flow injection analysis with in-line preconcentration
thioglycolic/thiolactic acid-chromate reaction [ J ]. Analytical [J]. Analytical Chemistry, 1994, 66(22) . 4105-4111.
and Bioanalytical Chemistry, 2005, 381(7) . 1373-1380. [156] Brown M T, Bruland K W. An improved flow-injection analysis

[150] “Zhang H S, Liu L, Ji H W. Mechanistic study and kinetic method for the determination of dissolved aluminum in seawater
determination of Cu(Il) by the catalytic kinetic [J]. Limnology and Oceanography: Methods, 2008, 6 (1) :
spectrophotometric method [ J]. Journal of Ocean University of 87-95.

China, 2019, 18(1) : 144-150. [157] Suarez R, Horstkotte B, Duarte C M, et al. Fully-automated

[151] Wang T, Huang Y M, Zhu Y, et al. A shipboard method for fluorimetric determination of aluminum in seawater by in-syringe
catalytic kinetic spectrophotometric determination of trace Cu dispersive liquid-liquid microextraction using lumogallion [ J .
(II') concentrations in seawater using reverse flow injection Analytical Chemistry, 2012, 84(21) . 9462-9469.
analysis coupled with a long path length liquid waveguide [158] Kara D, Fisher A, Hill S J. The sensitive and selective
capillary cell[ J]. Microchemical Journal, 2022, 179, doi: 10. determination of aluminium by spectrofluorimetric detection after
1016/j. microc. 2022. 107441. complexation with N-o-vanillidine-2-amino-p-cresol[ J]. Journal

[152] The GEOTRACES Group. The GEOTRACES intermediate data of Environmental Monitoring, 2007, 9(9) ; 994- 1000..
product 2014[ J]. Marine Chemistry, 2015, 177 1-8. [159] Kara D, Fisher A, Hill S J. Flow injec_tionll‘-detéf:i;l“inat!i_on of

[153] GB/T 5750.6-2006, A= {& WK /KPR ERE IR 7 ik & @ 845 aluminium=~by spectrofluorimetric detecti'(;n afte_g_;.‘%f;?_l%plexation
[S]. with N-o-yanillidine-2-amino-p-cresol : the applli“calt.,ﬁu).‘n to natural

[154] ZhouT J, Huang Y M, Yuan D X, et al. A sensi%y.e'-ﬂow— waters[ J . }(néjytica Ch:imica Acta, 2008, 61],(1 ;;;‘62-67.

I Hw |
- (5 e\ o
# A o [ &
- . - J =
3 7
|"l | e g




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)




