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Abstract

The water quality categories in China’s coastal waters span a wide range, with Class I through infe-
rior Class IV water quality areas all being distributed. The limitations of certain methods in the Ma-
rine Monitoring Specifications in terms of adaptability and detection efficiency have become in-
creasingly prominent. Based on experimental data and long-term monitoring data from six typical
coastal cities, this study compares the technical parameters and applicability of traditional methods
with the continuous flow colorimetry and gas-phase molecular absorption spectrometry of the HJ
series. The GUM method uncertainty evaluation model is introduced to quantify the combined rel-
ative standard uncertainty, simulate the variation characteristics of standard curve fitting errors
with concentration gradients, and establish a quantitative model of “number of uncertainty intro-
ductions caused by human operation” to analyze the applicability of various detection methods. The
results show that traditional methods have narrow measurement ranges and cumbersome operat-
ing procedures, and when used for low-concentration samples, strict quality control must be sup-
plemented to assess whether their uncertainty is within an acceptable range; gas-phase molecular
absorption spectrometry and continuous flow colorimetry have wide measurement ranges, high
degrees of automation, and fewer introductions of human-induced errors. The study proposes a
specific monitoring method recommendation scheme based on the gradient of target water quality
for detection, providing data support for the selection of laboratory methods.
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2.1. BUEXIE

AT TR FH B A B = AR

(1) =B Sl o S AREY) B HIE M, K4 GB 17378.4-2007 MIE ik E, 2 il b ih 2k 3k
FRIAH R ZHL

(2) b EEAE R SH: R T GB 17378.4-2007. HJ442.3-2020. HJ 195-2023, HJ197-2024. HJ 198-
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Table 1. Key parameter of each standard method

1 BIRERERREY

iH bk rkhh WRTR ek R
GB17378.4-2007 (36.1) % By i 43 Y6 e F v 0.0002(a) 0.0007(c) 0.15(b) 1.20%
GB17378.4-2007 (36.2) VIR ER Th A& 12 0.0001(a) 0.0004(c) 0.08(b) 1.00%
o HJ 442.3-2020 (Fff3% C)iESLimaN btk 0.001 0.004(a) 3.36 /
HJ 195-2023 S AH 5 T IO s v 0.02 0.08 2.00(b) 8.40%
GB17378.4-2007 (37)Z% . & /r e e vk 0.001(c) 0.004(a) 0.05(b) /
TEAHER #h HJ 442.3-2020 (Ff3% D)i&ELkifish bt ik 0.001 0.004(a) 1.75 /
HJ 197-2024 S AH 5 T IO gV 0.003 0.012 2.00(b) 6.10%
GB17378.4-2007 (38.1)4@ k& JR i 0.012(c) 0.048(a) 0.20(b) 1.10%
GB17378.4-2007 (38.2)%F - 4ikJfi%: 0.0002(a) 0.0007 0.224 7%
{E[ivEsN
HJ 442.3-2020 (Fff3% D)iELLifish bt ik 0.001 0.004(a) 1.75 /
HJ 198-2024 S AR F IO RS v 0.008 0.032 5.00(b) 7.40%
GB17378.4-2007 (39.1)B4H 15 /6 6 ik 0.001(c) 0.004(a) 0.24(b) /
TN GB17378.4-2007 (39.2) M 4H T A /> e e FE ik 0.0002 0.0008 0.012(b) 2.10%
HJ 442.3-2020 (P35 E)iELL ) L ik 0.001 0.004(a) 3 /
GB17378.4-2007 (13.1)%% )¢/ Y6 6 i3 0.001 0.004(a) 0.2 4.6%
HHES GB17378.4-2007 (13.2)%: My e Je R 2 0.0035 0.014(a) 1 9%
GB17378.4-2007 (13.3)F &% 200 800(a) / 8.6%

R BAERAL mg/L, AR bR AR 22 (B 5 VE) RN 00 VR FE BRI O EHE s () A BRI R B R S 0 e T
FRECE IR 14 SRS (b) FIHAFRHETT 2R brE i 2e i sk s () 91 CE SR RIS OK 5 I I (A7) )
[10]

2. BEGEXKRAFESIE AERETR

GEA SR X WL BE, e B IR AR R AR R R . B 2% 2 A, JRIE T R KK R
FERR, & HEXTHLEF S =TE/ 0.009 mg/L ZJ N 2.012 mo/L. #5% A% S8 E ARk (& _EFR
0.08 mg/L) & J~l~[iﬁ%ﬂ)lﬁ(2 846 mg/L), JoiFOREMNREHE (AT SE ks T AR = AR IRIR B, ﬁééﬁ
EbRE EREA H, g B R BT M. BRI, 7R3 A X TR] 505 0 R S PRk B2 2 15
B, Yk%T{mJE/H%E@E%THEO
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Table 2. Typical sea area monitoring data statistics and method applicable summary [11]
2. #AEAEXIENEESH S A EERLR11]

Hh[X W H WRE  WME CPBE R s &Rk
- CFA (M 3% CID)SE:s 5 DU mifirm]
THLA 1.240 0.001 0.113 0.00% i GMA 1:(HJ 195/197/198)
Kik
(124) TE TR 25 0.054 0.001 0.011 28.23% CFA 75 (Bff3% E)BE GB ¥2:(39.1)
VEMIES 0.032 0.001 0.005 29.84% B HMF(13.2) 807 6 7%:(13.1)
. CFA V(M3 CIDYILSG: S5 WUK ifor ]
o THLE 0.731 0.001 0.124 0.00% ] GMA #:(H) 195/197/198)
H
(122) TETEBERR 25 0.019 0.001 0.006 42.62% CFA 75 (Bff3% E)BE GB ¥2:(39.1)
VERIEN 0.018 0.001 0.003 45.08% 2 HMF(13.2) 378 62:(13.1)
. GMA 7%:(HJ 195/197/198){k 45; CFA %
L THLE 1.890 0.101 0.969 0.00% (H§ 5% CIDYHi )
1 ¥ ZIN
(50) TE LR 5h 0.055 0.007 0.025 8.00% CFA V(3% E)Bk GB ¥4(39.1)
VEMIES 0.018 0.001 0.004 38.00% HHMN%E(13.2)
5 YAk GMA 1% (HJ 195/197/198);
- ToHLE 1.601 0.009 0.475 0.00% S U CEA (I C/D)
T
(135) TR 25 0.062 0.001 0.030 37.04% CFA 75 (Bff3% E)BE GB ¥2:(39.1)
VENEN 0.017 0.001 0.004 47.41% EHMNE(13.2) 85675 (13.1)
THAE 2.846 1.415 2.012 0.00% GMA #%:(HJ 195/197/198)
Zél)l TETEBERR 25 0.074 0.014 0.041 0.00% CFA (3% E)
VERIEN 0.036 0.001 0.019 0.00% $HM%(13.2)
- GB %(36.2/37/38.1) {1 4%5; CFA (M=%
THLA 0.026 0.004 0.009 0.00% CID)fh
= . GB 1%(39.1)ft 4 (6 H FiE 0.001 mg/L);
(24) TR AL 0.005 0.001 0.003 41.67% CFA 1-(H 5 EYHI)
s 61 (13.1) L5 (ke i FR 0.001 mg/L);
VEMIES 0.019 0.001 0.006 0.00% B4 (13.2) AT

BVE: FHXFEARMARETHIX AP TSN .

3.3. T&T GUM AT E B 57 B B 1 S50 Rk BE 6 B M) R AiE

331 T ACERMINEWLT

NG E bR S BAMEITERI AR 2 R, I O EEEEE (R 3), 12H GUM EEbiT &
BT PR AT E B, FFARAME 2 SRHE SR & 70 I 7 ZTTEREE, WLEE 4. P0G 15 30 bR i ih 22 [l
AR FA A = 2.8114c + 0.0948 (2= 0.9985), fi§fEh A =0.933¢ +0.012 (2 = 0.999), TWAEEE A =
3.6486¢ + 0.001 (r? = 0.9995), AR A = 0.7165¢ — 0.0029 (12 = 0.999), 12 A = 0.6450c — 0.000333 (r? =

0.9998).
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Table 3. The data of spectrophotometer
3. PIHNEERIE

WiH i FRUEIR B Ci (mg/L) SEMR ST A
1 0 0.099
2 0.02 0.151
A + LR 3 0.04 0.203
A =2.8114c +0.0948; r2=0.9985
(KIRER EL AL IE) 4 0.06 0.258
5 0.08 0.322
6 0.1 0.379
1 0 0.008
2 0.025 0.037
HERE: + WRYIREL 3 0.05 0.062
A =0.933c +0.012; r2=0.999
(FAEIE ) 4 01 0.103
5 0.15 0.15
6 0.2 0.199
1 0 0
2 0.01 0.038
RS R #h 3 0.02 0.073
A =3.6486¢ + 0.001; r2=0.9995
(ZEL oy e E ) 4 0.03 0.113
5 0.04 0.147
6 0.05 0.182
1 0 -0.002
2 0.03 0.018
TEHLHE 3 0.06 0.04
A =0.7165c — 0.0029; r2=0.999
(BEEH I > e E) 4 0.12 0.082
5 0.18 0.127
6 0.24 0.169
1 0 0
2 0.2 0.128
W% A =0.6450C — 0.000333; 3 0.4 0.262
r#=0.9998 4 0.6 0.382
5 0.8 0.513
6 1 0.648
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Table 4. Summary of uncertainty component value and variance contribution rate

T4 THEENERERBETEHELE

GiitumiH AR + VR MR + WAHERER PAH R £ Tk HHES
W 0.02 0.025 0.01 0.03 0.20
Urt 0.01/1.16% 0.011/0.41% 0.011/2.37% 0.021/13.67% 0.09/85.69%
Ur2 0.0105/1.28% 0.02/1.35% 0.015/4.40% 0.01/3.10% 0.011/1.28%
Ur3 0.0132/2.01% 0.0753/19.12% 0.0463/41.94% 0.02026/12.72% 0.0078/0.64%
Ura 0.0024/0.07% 0.0024/0.02% 0.0024/0.11% 0.0024/0.18% 0.0024/0.06%
Urs 0.0908/95.32% 0.1531/79.04% 0.051/50.88% 0.0475/69.93% 0.0340/12.20%
Ure 0.0029/0.10% 0.0029/0.03% 0.0029/0.16% 0.0029/0.26% 0.0029/0.09%
Ur 0.093 0.1722 0.0715 0.0568 0.0972

#iE: 1. GB 17378.4-2007 (36.2)f1(38.1) /3 A& “H A + WAHEREE” (LANHM “HHEREh + WASEREE” (BANit).
RIS B, AT B P DU RO AT A A = B, TUH B RPRAE Y &AL + TSR R A

2
“%%ﬁ+ﬂﬂ%ﬁyoz.ﬁ§ﬁﬁ$:%uw%c

r

I 4 AT, us AT us 7 Z ST X 14374 0.006%~41.94%F1 50.88%~99.14%, & it ik FKiHid
88%, E[IE 1 52538 FH 1t A B e R 28 AR 22 1 SR R IR . AU T00 H A & R IR (B (c)s 2 5
RAE RR AL (C2) s 4 S IHE RUIRIEAA(Cs) s 2 fiF 6 SALHE RURBEAH (Ca) RO I 53 2 77 ZE DR AR AL, WL 5.

7 5 Al 4

(1) WREDBRAG, M4 dth &R Z I DTk F bk,

(2) iR + WAHRRERSL, HARTIH us STERZLSHEIT 820%, UBHAE U EFEILE Pl &%
FERRAIK . us LR IR ER + TRYIRERLE oo KL M SRR R MIXT H2 MIK(43.14%), & 1T urs i i (G4 A 9 $k
YEIX 61, NITE ik e, S usidm), M us FIAHST STRk R RE .

(3) urs Al ups A BTAR B AN R, LR 2R UR I 32 AT 2 BEIR B 36 AR FEARIRIE I, J7kiE
FH P e s 5 T R e P I s (R IR, JVRE I EGE S, AN RRIRE PPN B .
X —FUEE R T DA 2 B IR FE OB . A AN 8 B 1) 32 500 S B bR A P R X T b o i 28
OB AR TSI, $EREINERACRIFREIE T v 3075 FE A [ AT 2 T 1 72 S M 1) 22 S ko

Table 5. Summary of variance contribution rate of different concentration gradient values urs and urs

525 NEEREBEE us fl us SERBIERCA

LR/ [ROINE| BhEE R Urs Urs ur U TTHREE  urs DTBREE
C1 0.0004 0.0132 5.1700 5.1700 0.00% 100%
C2 0.0200 0.0132 0.0908 0.0930 2.01% 95.32%
A + WERE:
C3 0.0600 0.0132 0.0304 0.0347 14.47% 76.75%
Cs4 0.2000 0.0132 0.0176 0.0237 31.02% 55.17%
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c1 0.0480 0.0753 0.0773 0.1177 40.93% 43.14%
c 0.0250 0.0753 0.1531 0.1722 19.12% 79.04%
THERE: + WANER L
Cs 0.1000 0.0753 0.0364 0.0907 68.93% 16.11%
Ca 0.4000 0.0753 0.0177 0.0798 89.03% 4.92%
c1 0.0040 0.0463 0.1330 0.1460 10.06% 82.97%
c 0.0100 0.0463 0.0510 0.0715 41.94% 50.88%
T AHTR &
cs 0.0300 0.0463 0.0162 0.0507 83.45% 10.21%
Ca 0.1000 0.0463 0.0094 0.0482 92.27% 3.80%
c1 0.0040 0.0203 0.3700 0.3730 2.96% 98.44%
c 0.0300 0.0203 0.0475 0.0568 12.72% 69.93%
TEHLHE
cs 0.1200 0.0203 0.0113 0.0290 48.97% 15.18%
Ca 0.4800 0.0203 0.0055 0.0241 70.93% 5.21%
c1 0.0140 0.0078 0.5226 0.5305 0.02% 97.05%
c 0.2000 0.0078 0.0340 0.0972 6.44% 12.20%
S
Cs 0.6000 0.0078 0.0108 0.0917 7.23% 1.39%
Ca 2.0000 0.0078 0.0062 0.0913 7.30% 0.47%

33.2. ARBRIEREHTEN

W AR ZE M ORI R, 2D MR ESIRAE B A N ONIRZ UL 8] BTSCTIN s (R4S
ANE ) 7 B BAR S NN BRIER ZMES A, HEZS RN SR EE RS NN RIEREM R, AN
BAFBENUR Z A BRI TE PP 2 IR AR DO REAE T, #2 N BIARE IR 148 51 NN E FE 2 B 9%
BN NEAE RILSINRE, WA 6. 32 70 (1) AR ot/ bl A F P A BC ) O RS ORSE R34 s (2) H
1 28 R B IEREC ] P A VA E 4R A (3) FEARATACEE T AR, #ef2 . EFIRIE: (4) mEE
PRARE 25 R iR B TH SRR )L AL RIS A B R IR s (B) 28 A ikI& rh AT 48 A

Table 6. Statistical example of key human operation of nitrate GB17378.4-2007 (38.1) method
7 6. THEALh GB17378.4-2007 (38.1);% X 5 A\ AIRIEG 15

KA IR Ziann
1: 38.1.3.5 AR ERARAEAE FHVRICH]: 1 /> 10 mL BB 14k, 14 100 mL 28 &fiAEH 1 K. 2
2:38.1.5.2-a Ll bRk 2k TAFM: 13 2 mL ZIFEWCE ] 5 X, 6 4> 100 mL AR AAEH] 1 7K. 1
3:38.1.5.2-b HIZRIAW I ik #s: 1 X 50 mL &4 6 ¥k, 13X 50 mL £ H 6 K. 12
4:38.1.5.2-c i AL Ja it HIVRALPE: 6 3¢ 50 mL HZEZI L L (8 %A 1 7. 12
5:38.1.5.2-d ARk ZR 2 (AR 132 1 mL HEIR AL 6 K. 6
6: 38.1.5.2-e By 4L 2 O FIAIN: 13 1 mL BB BMEA M 6 k. 6
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7:38.1.5.3-a PR RS : 152 50 mL BRI 17k, 15250 mL BRI 1. 2
8:38.1.5.3-b ML AL S AL EE: 1 32 50 mL A FEZIFZ LA 1 7K. 2
9:38.1.5.3-b FEM R AAFIARI: 132 1 mL HBIBIRAE 2 K. 2
10: 38.1.5.3-¢ ¥ FA/KFERE R : 132 50 mL & H 17k, 13¢50 mL &&EHH 1K, 2
11:38.1.5.3-¢ 7 I AE /G AL 132 50 mL HZEZIE L B 19K, 2
12:38.1.5.3-¢ AR AR 132 1 mL BB 2 K. 2

Table 7. Statistical summary of the introduction times of key human operation uncertainty of each method

=7 BFERBAABRETHEESINIEGTHLE

HiH Jiik AN JEE BN IREL etk

GB17378.4-2007 (36.1)BEM 1 73 6 e vk 45 /

. GB17378.4-2007 (36.2) I/ IR R #h S A2 45 /
oA HJ 442.3-2020 (Ff3% C)iELi ) b i 12 73.30%
HJ 195-2023 A 43 IR 172 4 91.10%

GB17378.4-2007 (38.1)48 14 JFiZ: 61 /
GB17378.4-2007 (38.2)%F - #aik J5iiZ: 39 36.10%

{E]ivEaN

HJ 442.3-2020 (Ff3% D)IELL s ik 12 80.30%
HJ 198-2024 “AH 43 IO 1V 4 93.40%

GB17378.4-2007 (37)Z% . & /3 e e vk 31 /
L AH R 2R HJ 442.3-2020 (3% D)iES 8l b 2 12 61.30%
HJ 197-2024 <A 53 IO RV 4 87.10%
GB17378.4-2007 (39.1) Wk 4H W 43 e e ik 31 13.90%

TobLwE GB17378.4-2007 (39.2)f£H W 2L B 7 6 vk 36 /
HJ 442.3-2020 (Ff3% E)IELmash t ik 12 66.70%

o GB17378.4-2007 (13.1)%% 4 6t ik 17 /

e GB17378.4-2007 (13.2)%8 7t i vk 17 /

BVE: 1 G B E LA A AN R A St REDIRE, UM > T IRIGE B B EhEERE TR 2. DL H SCHN
ERAEANHE FE 5 N UR 2 75556, THEANFR R 3.

HIZE 7 AR, UM FIRSOETER (B SRR R R WIRER . WAL & = DT H F 8 SeBl 7 80% LA
Ak, ELLRBI L EE(TC BB SEIL T 61%~80%IM AL . BRAESTI I BEAKTT LA SOHIR urs (B
SANE ) i S RAE B EAES  urs BUE D IR A% IR XS MK 2, (BT RE 2 K B
1% urs A 2812
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34. MAZERLDRENRNSBEIEEN

BRI WA AR ATE T & & K EFE S HOELL B b br, RV TE, A NiIRZE KIEFFK;
BIIETEBRAT 4, AR AE KB ER &, HAC G R AEE s ESE T8, H
YET A R, HL RO AT R S BRI R R W e A R AR AN IR EE e, AR ER B X [R] FR EAT IR IE
[12].

ARG FIRBOGCTEA AL AAE T IR R, 25 P KSR S EUP Bk 0~4.00 mg/L 3 A 2k
PERLF(r? = 0.9999), &&EKE. M EIMARN A IUSMEK, TR LM HHAETIE AR E LR
HURE € B, T H DI A5 oG IR AT 8, Bt R RN N 52 AR B E RAS SR RS A R] WLy
FeotEETE, BASH R, TCIESR AR AT EE DR B A A B

4, 4Eip

AW FERE T A S0 3 7 6 AN SRS DX (0 S e, DA% S EARIAS] ISR AN L (kAR
TR R GRS 456 GUM VAN E L PPAS AR AT “ A 51 NN & BE UKL B Ae R,
PR E RS

(1) =g bR A PR B R DS, (E MRy Bl 5 A, 2 IR — SR T vk LK B (=2 DUk
S VUSRI T i (5 R . GUM JETPAG R, IR R BRAL 2 & iR Z2 1077 Z2 DTk AE 22 00 H rholid
82%, EREAVLHEFEIRZE 2K,

(2) NNBRAEIIRAF LR R 2257 o A% GEEIRR I 00 A i D B AR RO 31~61 IR, LRIz LE
IR TR T SO AT SEBL 61.3%~93.4% LA, 3R AR 1A 1 45 A MU S AN i 2 P2 1A
Mgtz

(3) IRELHYEATURPELMAGNE - urs R ups 1975 22 DTRR R 2B AN R R —— (R B3 ups 728X £
R i U 1B ET N E SR B, TPVRIRAIE T AN B DU — IR B KT BRAN A A8 P VR A AR 4R
VWHITERE, RO SRS SR T B IRE

(8) ALGERBRIEAEARA S i B A Y RAC S, (EAR > IUH WA FERCOR, (GE T @ VA s
i e I, AU DA™ R R DA AN E AL T AT 2

(5) F& th HZ KGR 7 A B I T VA BEm . AL T — 2 S8 T PRI B I, b HE BB LE ik
B bR B PUSEHHUK TR, e FE SR Lt SRS 58 55U 5 Gk ik,
PLoEE AR TIRBOE RS . % SCh0 S BRI AE Ml B KB AN B2 2 Pl 22 S A %

E&mE
] o B WA T R B B (P A B 2 e IR PR By R W] SRR 7 L R T 2023-3.2).
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