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R esearch Progress of Infrared R adiation Characteristic
Calibration Technology

DING Wen-hao ZHANG Xia FANG Qi
(Institute 53 of China ' s Ordnance Industry, Jinan 250031, China)

Abstract Infrared radiation characteristic test is widely used in military and civilian
fields, especially for military weapons and equipment against the infrared detection strike
Therefore, the research on calibration technology to improve the measurement accuracy of
infrared radiation characteristics becomes the key. In this paper, the research progress
at home and abroad is summarized from three aspects, such as standard blackbody radiation
sources, calibration methods and radiometer calibration techniques. The methods and
results of measurement and calibration involved in the research are discussed and compared
to provide technical reference for related personnel, and the future research direction is
proposed too.
Key words Infrared radiation characteristic Standard blackbody radiation source
Calibration method R adiometer calibration
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XEERFESEARME ( National
Instituteof Standards and Technology,
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Advanced Infrared R adiometry andlmaging,
Al R 1) SEEGERTDIERIMET 1100°C HYIFE
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x, BEERKAIMIESE, WE 1 iR

-

L E Y P BT
Fig.1 Temperature/spectral variable device
EE NIST 7£ 250°C LATHOLISNK ERRbEL
WSERMERER 1.

PR R BAF B BN KA TS5
BHAGRRET, ZBAE TREEEE0 01T
HIMMAEIRAEAN, IEERAERE + BRI
®it, AEBGRERAFRERTEFT0.93 B4
SINEIRBGRE, PEARA 2A12T4 6%, HE
KRifK AR R IREAS, WE 2 B

No

. 234.88mm 7 WO )
o
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EIZ2IAR
_____ sexore | ___[S|S[HS
160.04mm 100mm
260.04mm

2 BAEREHTER
Fig.2 The structure of blackbody cavity

ZKBEBARZERITEREEHENLHE
AT 0. 997, SERITEE 0. 9969 EAFFE,
HERLIINE=EITTHENRTR K, WE 3 FiRk
REANBERIIMNFERTEITHITENR, 3K
BT 5umiBEMLT 0. 39% F 10um BEMLT
1. 3% HIEMRIHEE.

MBHEREARITEMNKTHRE S FIA
S FMMRERAR, #HlT — 30°C~507C
HFRAERBRENETE HREREMERT
0. 02°C /20min, AETEBYLZHEITEEK
F 0.9992, ZHEERFHTUERINA 0.06%.

F1 AHAEESENMBRHEENSERME

Tab.1 Reference blackbody of infrared spectral emissivity and radiation temperature

BERHKE MEBR BEEE/C | RASERE | BORY/mm
K Mercury —38.834 — 50
7K Water 0.01 — 50
ERSXEH £% Gallium 29.765 Wit /it E 43
$ Indium 145.599 Mt/ E 12
45 Tin 231.928 ik /it E 12
S Ammonia Heat Pipe ~50~50 HHE 75
7K38 Water Bath 10~75 Wik /it E 104
FiRSEREK KINEE Water Heat Pipe 55~250 Wit /it E 63
{8 Z BZ7K 38 Low Temperature Ethanol Bath -50~25 — —
KILIE RS B Large Aperture Fluid Bath -60~25 — —
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Fig.3 Schematic of radiometer viewing a water-bath
blackbody

LA B ERERRARNE TS T —FK(E

EREATER T, RAESEMAREDS,
AR -20°C~ 150°C, BRIR&LGTEMTF 0.99,
HEABSKARAREREKRERS B LELETE,
BRI TR

FERMNZERLIMRMNEREFRAESIEE
FAEXT T AHLLLIMESTHF M E AR B KEM R
th, RAETCl R AR EIREEITN
BRI IMRM ARG TE 5°C~ 125 Ci#IT T RS &
¥r, AEEEFIRNRERS LN B E S

BEVAMESIR (HREEGF), REFRRENE
M NAMEESEIEEXRR, AMRERN
F G B B

ZIRIEF A S5 B4R E B AR &R
Gz ENASELTR, KinERFRERBRS
11, BRI REZERAX SR REL T AL
BERMBFHASKAR, HEEARSEIRNAS
RIS, A EBNER T RAYE L SR
RERAERBE TR, BRERVBIRE, &S
RIRERRERR 2.

3REREMRR

NIST B I RELFERUWKX RS (
InfraredSpectral
System, ISEMS) %A 4 Fi®, ZRALKBEE
F FT( Fourier Transform) YifimstE ILECE
( BIELINEEL) N AESEEMN 1umBX
F 50um, RESEEM 100°C ~ 900°C ; ZAE
5 FNZIR AR B AR R G AR M R BET %
I, ESTHITEREARE . AFIEENSREAR
IR HEmCRE R AR ERZR, AR

m AR .

Emittance Measurement

EH4 D AERSRNLRFTER

Fig.4 Infrared spectral emittance measurement system

S5 HHEHLEFHRIIENTREGESSYE
Fig.5 Flat plate blackbody source with sample hardware

removed

F2 RERERAMNEREERREREHUENRSER

Tab.2 The enhancement effect of the blackbody calibration on dual waveband temperature retrieval result

‘ BT TR B RN R £F BB E TR BORE RR R
HWE | REREK .
HEGRE/K | BMBE/K | AMEE/% | HERE/K | mxHRE/K | ExHRE/%
A 301.5 4.0 1.3 304. 1 1.4 0.46
B 300.9 4.6 1.5 303.4 2.1 0.69
C 305.5 301.2 4.3 1.4 303.7 1.8 0.59
D 301.6 3.9 1.3 304.3 1.2 0.39
301.8 3.8 1.2 304.6 1.1 0. 36
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The Calibration of Differential Pressure Wet Gas

Two Phase Flowmeter
Wang Xigang, Zhen Yang, Zhao Yi
(Tianjin Institute of Metrological Supervision Testing,Tianjin, 300192,China)

Abstract With the continuous development of industrial technology,
and the calibration of moisture flow meter is becoming more

moisture flow is increasing,

the measurement of

and more urgent. This paper introduces the principle of differential pressure wet gas two—

phase flow flowmeter,

which is widely used in the field of wet gas flow measurement. It

is calibrated in the middle pressure closed loop wet gas calibration device of the school

of electrical and automation engineering of Tianjin University
gas phase and liquid phase of the flowmeter is evaluated.

and the uncertainty of
It provides reference and data

support for the calibration of related flowmeters in the future.

Key words Infrared radiation characteristic

Standard blackbody radiation source

Calibration method R adiometer calibration
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Fig.1 Schematic diagram of working principle of split wet
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Fig.2 Schematic diagram of working principle of integrated
wet gas two phase flowmeter
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Fig.3 Schematic diagram of gas-liquid two—phase
experimental device
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~ 200)m3/h, H/FIZENE 4FT7R.1EB 0. 50,0
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EREERIE 1,
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Table 1 Calibration results
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Table 2 Uncertainty analysis of gas phase measurement
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Fifa, b, 5K5FEHa, b, 3B&Kka, b, 5KEFa, b, Bi—5a, b, 5B&FEa, b, AERa, b
EERFa  NAHETEER b HEPALPEZTEEALRE, i 200032

BE .

[FR] 2REY) (Pras) E—RRBBERBENRAFEFAMBIISN, BILEME
Zeh PrAS B9KSINIS 3%, IHEABREAENRBEMVZAREERN

(BY] FIREEMRIaEE- mRT /NS s MRiEE, BURNNUEALSR
6 MERMARKNLSY (2AER. 2RFR. 2RATR. 2RRK. 2R +—IRR. 28+
“RER). sHefBRELEY (LA T ARR. 2R CARK,. 2RREER. 2AFE
BE. eRRERR) 11 hemRmRELeY) (RFERBRR) RERENTT L

[ 753%] tb3% 3 FPEABEEEUE (ProElut PLS FE., Oasis HLB £ Supelclean ENVI-18 4F) 3 PFAS
BMREBRES], 4T REILL IR AZRILRA 3 MR (FEZ. ZBERRARE) X ERZEIREYR
FERE I LA AR EnE R 2B B R PR EX BT M E N, B NMs B ek EREs
&, BRMUERGEER, 1§ 10 SERLEREE X NAZENEER, LUIREWERTFNS
EREHRE, BN BIEERERETN A ENBRE, BB INA AR BT 20 195
AR AR, LINZRER AR,

(452 ] Oasis HLBAELL30% (1RFR53 %) BEE MR, RARRENMM R ] LIRS T80
W (39%~103%) . BIAFHILIET 5 mmol-L* ZERERAYK - RESE R JmEhiR, A, @S
B, I LS EIFA ISR BRISIAN, 12 BRI AL M TEEN 0.01710.00 pg-L?
(Hoh | 2R BRNLAEFEERM70.10710.00pgL", @R XEEBRN 2R FEEEBRRRN
0.05~10.00 pgLl?) ; FHEE SR 0.01~0.10 pg-L?, MNIREIYETE 81.0%~123.7% 2 i8], BN
BB E D 1.2%~14.8% 1 0.4%~16.1%, PFASTE 2010 SLIRFE ROy E G H, ofh
PFAS B4 H 2 100%.

(45ie] BUMGZEABEMEEER, LHRE, JRNENSHFUINTRR, 8HEF
EMPRREEMENPHE, . BENEMES S Pras IR R,

XA 2RNEY ; IF ; BERREEE ; LR/ HEHEMS SR ; B8
R

Determination of 12 perfluoroalkyl substances in human serum by UPLC-Q-Orbitrap HRMS
WANG Zheng®®, ZHANG Jiming*®, GUO lJiangiu®®, ZHANG Lei*®, DAl Yiming®®, WU Chunhua®®,
ZHOU Zhijun®® (a.School of Public Health b.Key Laboratory of Public Health Safety of Ministry of
Education, Fudan University, Shanghai 200032, China)

Abstract:

[Background] Perfluoroalkyl substances (PFAS) are a novel type of persistent organic pollutants
with potential human health effects. To establish a method for determination of PFAS in
biological samples is of great significance for both exposure and health risk assessments.

[Objective] This methodological study aims to establish an ultra-high performance liquid
chromatography-quadrupole/orbitrap high resolution mass spectrometry (UPLC-Q-Orbitrap
HRMS) method for simultaneous determination of 6 perfluorinated carboxylic acids
(perfluoroheptanoic acid, perfluorooctanoic acid, perfluorononanoic acid, perfluorodecanoic
acid, perfluoroundecanoic acid, and perfluorododecanoic acid), 5 perfluorosulfonic acids
(perfluorobutane sulfonate, perfluorohexane sulfonate, perfluoroheptane sulfonate,
perfluorooctane sulfonate, and perfluorodecane sulfonate), and 1 perfluoralkyl sulfonicacid
(perfluorooctane sulfonamide) in human serum.
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[Methods] Three solid phase extraction (SPE) columns, namely ProElut PLS, Oasis HLB, and Supelclean ENVI-18, were compared for
their retention of PFAS. To obtain a better extraction recovery rate, methanol wash solutions with four different fractions and three
eluents (acetonitrile, methanol, and isopropanol) were tested. Ammonium acetate buffer salt was added to improve the peak shape. A
pre-separation column was used to reduce background noise. PFAS were quantified by isotopic internal standard method. The limits of
quantification were determined at 10 times signal-to-noise ratio. The accuracy and precision were evaluated by recovery rate and intra-
and inter-day relative standard deviations. The established method was applied to 20 umbilical cord serum samples.

[Results] An optimal recovery rate (39%-103%) was achieved by using Oasis HLB column, washing with 30% methanol (v/v) and eluting
with isopropanol. Good peak shape and mass response were obtained by using H;0-methanal (containing 5 mmol-L™* ammonium
acetate) as mobile phase and C;; column as separation column. The linearity ranges of calibration curves of 12 analytes were from 0.01
to 10.00 pg-L* (perfluoroheptanoic acid and perfluorooctane sulfonate: 0.10-10.00 pg-L*; perfluorodecane sulfonate and perfluorooctane
sulfonamide: 0.05-10.00 pg-L"), with a limit of quantification between 0.01 and 0.10 pg:L". The average recoveries of the analytes in spiked
serum samples ranged from 81.0% to 123.7%. The relative standard deviations of the intra- and inter-day precision were from 1.2% to 14.8%
and from 0.4% to 16.1%, respectively. PFAS were detected in all the 20 serum samples, and 9 kinds of PFAS were 100% detectable.

[Conclusion] The established method is featured with good linearity and a low limit of detection. Various methodological indicators show
that the method can be applied to the simultaneous determination of multiple PFAS in serum samples accurately and rapidly.

Keywords: perfluoroalkyl substances; serum; ultra-high performance liquid chromatography; quadrupole/orbitrap high resolution mass

spectrometry; solid phase extraction

=@/ EY (perfluoroalkyl substances, PFAS) &
—RAIERNENY, REKELAEERFH
REFEAMER. PFAS BB FEKERYE. SREE
%, WEREMNRBESR TSRS, W ZRTH
SRR ERREXR. BB HREMNRYIBIB
KERBE, UEZENFIBEHERT A ZRE,
BILEY PrAs BIIE 2 RAMRE N EY) (MERmFE) K&
LRBRELEY MR FEER) SV, HRE
BH, PFAS R EEFIRE S Z A R @ R 40 H £ 14
B, BB, FRBRIEEREEE XY, ALBHLEN
ABEPrAS R B A RNEIT M, 7AT B Al PrAS BYAZI
FEARZBRTIMEFEMR, BXEYERF Pras BIIG
MAEZERL, PRl RRAERE 2N EYER
R Z i PrAS BN 73 0%, X il A B¥ PFAS 2 887K,
ML EZE RO AT ENREMNATERE X,

BaiE R PrASH DA ZEEQRBIEENEG
- FEB RS, HPREEESBREEL N
4, B EHEEEEY (solid phase extraction, SPE) B\ Il
RAFZEER Y EML B AR, AIEEF MR PrASBY
16 PRI ZE ng: L KT, BACME YR 4 PrAS IR E
B EE S . ARFRERSIIIRE R IFE & R A
RECHAGRARUEN e MERRRENLEY (28
R, 2RAFR. 28 THK. 28XRR. 258+
B, s+ 1K), sHemBRELEY (2T
HigM, 2R CEBRR. 2R REEER. 2FFERRE
fR. SREEER) U1 MemBEiEEtay (2
AFEEERAR) , BIEKRE. ZEEEEMSPEF

AN MAEFmPE BARYETIRE. 2 UNES,
[ BB MR EIE - WiRAT /FR B NEMH S
[BRi% (ultra-high performance liquid chromatography-
quadrupole/orbitrap high resolution mass spectrometry,
UPLC-Q-Orbitrap HRMS) J 37 1R 54 #8 [F BY 42 1) M0 35
P12 PrAS Y75 7%, LASEIRAEY) M R K2R3 4R
NHRZE, Hrras NEEITEMEXARNF BRM
BRI, 12 % pras BILSIDENE 1,

O FLFLF OFFFFFFFF O FLF _F_F
FFREFEF FFEFEFE FPrFeFef
S SHEFR EREE
Perfluoroheptanoic acid Perfluorooctanoic acid Perfluorononanoic acid
OFFFFFFFFFF OpFeF FLFLF DFFFFFFFFFFFF
H H F H
FPEFeEFeFE FFEFEFEFEF FFPeFefefeFe
Sk 2R+ =3 o b
Perfluorodecanoic acid Perfluoroundecanoic acid Perfluorododecanoic acid
QFFy QFEFpfg AT
HOL AN F HOLN NN F HOLNAN AN A
TFeFy JFPeFpFg VFpFiFF
ST RS SO £ RELEE

Perfluorobutane sulfonate  Perfluorohexane sulfonate Perflucroheptane sulfonate

OFpFeFefFe OFpFpFeFefe oF pFpfefe
HOANANANAN P HOSANANANANAN P HNEANANANANF
LFpFeFpFe LFpFpfpfpfg DFpFpfpfy

SEFERER

Perfluorooctane sulfonate

1 1270 PFAS Bk &1zt
Figure 1 Structural formula of 12 PFAS

EEEREHE SR FERHEE

Perfluorodecane sulfonate  Perfluorooctane sulfonamide

1 ME5ERZE
1.1 X285t

Ultimate 3000 8= R BRI B EX Q-Exactive™
RAT / FR BB = 2 FERIE R4 (ThermoFisher,
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%) ; SpeedVac SPD1030 ELZSR4EIX (ThermoFisher,
% &) ; Hypersil GOLD €18 & & 1% (100 mmx2.1 mm,
1.9 um, ThermoFisher, & &) ; Milli-Qi8 4l /K & 4t
(Merck, {&[E) ; Oasis HLB SPE#¥ (30mg, 1mL, Waters,
%[E) ; Supelclean ENVI-18 SPEfF (100mg, 1mL, Sigma-
Aldrich, 32[F) ; ProElut PLS SPE 4 (30mg, 1mL, Dikma,
FED,

12 PrAStTESR | £RER. 2RFE. 28T
B, £RXER. 28+ R, 28T °RE. 287
AR, 2REEER (AED 51 99%. g 9
4L, 98%. 96%. A4, 97%. 96.4%, Sigma-Aldrich,

xE), 2ACERBE (944H, Apollo Scientific, %
E), 2AREER. 2RFEBBR (AEHHA
95.3% #1 96.0%, Dr. Ehrenstorfer GmbH, {2E) , £
ZETEES (D4, chiron AS, EL) ; 27 Pras B
ZNMT L e 2R FRM U 2R FEER (AE
79 99%, Cambridge Isotope Laboratories, &) ;
B- A B FEEEEAES (Sigma-Aldrich, EH) ; 2B -2 8
BENFRE (pH=5, B TEMRBEERAR, RE) ;
Ba4F 175 (Sigma-Aldrich, E[E) ; B2, 5. RREE.
AR ZERER (BBIB4R, Sigma-Aldrich, EE),
12 MHBEFMINE 8B FMBRWE LINR 1 FiR.

&1 RHBEMIBEEBSFHRERL

Table 1 Quantitative ions and mass-to-charge ratios of 12 analytes

B4 AE AR ERETF ERAEEL

Analyte Internal standard Theoretical mass lon identification mfz
£ EES (Perfluoroheptanaic acid) Yo 2R 364.062 44 [M-H] 362.96962
£ %8 (Perfluorooctanoic acid) o2 mER 414.07029 [M-H] 412.96643
£ 5 F88 (Perfluorononanoic acid) -2 464.07813 [M-H] 462.96323
L 58 (Perfluorodecanoic acid) CC- 2 MR 514.08597 [M-H] 512.96004
£ +—45E (Perflucroundecanoic acid) Y- 2 E TR 564.09382 [M-H] 562.956 84
£+ 158 (Perflucrododecanoic acid) Yo 2 EER 614.10166 [M-H] 612.95365
24 THEE (Perfluorobutane sulfonate) Y- S ETERER 300.099 10 [M-H] 298.94299
£ CHIEE (Perfluorohexane sulfonate) Yo S E T RIEE 400.11478 [M-H] 398.93660
£ F AEEE (Perfluoroheptane sulfonate) Yo B E RN 450.12262 [M-H] 448.93341
LM RRE (Perfluorooctane sulfonate) Y 2T RNE 500.13047 [M-H] 49893022
SWMEEEE (Perfluorodecane sulfonate) Yo e MR 600.146 15 [M-H] 598.92383
L ERERM (Perflucrooctane sulfonamide) “C-2RTRER 499.14622 [M-H] 497.94620
“Cs- 29 %E8 (VCe-perflucrooctanoic acid) 477 00879 [M-H] 42099323
Pes- M ERTHE (“Ce-perfluorooctane sulfonate) 508.06897 [M-H] 506.95684

1.2 REAR. RELRBIEH & AEL S

¥ 12 #piE A0 2 FMEALR AR R ERECHIRR R
BIRE (B, RE) Niomg Ll WEIRMERR, B
F -20°CKFERTF. IREMRERBREHRER2mgL?
N TR DA —EEESMELERMNARIE
R, FREHRERO0.1meg L BEARA R 0.1 mg L Y
AESR, BT 4°CKkBERZ.

F50% (AR 0 #k) FEARBERIFAR, B
H1E 10 NRE KT (0. 0.014 0.05. 0.10. 0.20« 0.50«
1.00. 2.00. 5.00. 10.00 pg-L*) AR fERLZ (Hh 25
RS AFEERITANTERZITEN 8D
REKF, 750.01pg L' F0.05pugL? ; SREEFE
e S FEBEHREAANTERSITEN DD
REKE, £50.01pugL?)o ERAFIERMNETR
B, BRI SREMLERIKREKFEN T e R
1. . 53 NRE (0.20. 1.00. 5.00 ug-LY) BIFEITHE

s BT 4°CKERE.
1.3 HFminkE

1§ B R BT RABF S MER & [T
BRBEBARZFAHDEFRCEERSHA HUE
S ! IRB#2016-12-0607) , EVFERIIERREANMREN
BRE] M -80°CkFaRENE, ERBF. BAHRIE
B 200 BT 15mLRKRBLOE, BELRIINA
0.1mg-L* B ZAFR 10 uL, pH=5.0 B - 7 BE T4 4%
HBR 100, B-AEEEEREE 15 L, MERBESET
37°CKA 6 ho R A EZE RGN 200 uL Z BE R R
5], £ 4°CF L 21380xg B0y 10mino, BY_EIER E1FF
£ 1 mL BEER 1 mLBA/KCERGRISPER, BA 1mL
B4k 1 mUWERNE, &EH 2 mLUER &%,
DA LLER R A 3 Fh SPEAE (ProElut PLS#E. Oasis HLB T
0 Supelclean ENVI-18 1) . 4 Fp 7 [B) L 151 BB B k5%
(FFR D 85 59 10%. 30%. 50% F170%) 13 Fhi%
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Biik (RE2. ZREFNRRER) 3T SPE LIMERAE, £
16 SPE 15, INERBIRE TR RGN, KRB 2h E
IFo PO 200 uL BREZ - KGR (1 1, AFALL) &35,
TERRA G EREIR, S0,
1.4 UBEMH

BI% D &M T BiI%HE : Thermo Hypersil
GOLD Cs# (100mm x 2.1mm, 1.9um) ; F58 : 40°C ;
IR D 0.4mLmin? j EFEE 10uL ; FRohAE : BEIE
RIFMRBRR, KBR (A) -BEARR (B). &
1mmol-L" ZERFEZRIKAR (A) - & 1mmol-L! ZEEFERY
AR (B) M & 5mmol-L! ZEEHNAGER () -&
Smmol-L ZERERIREZAR (B) . TER BB FLEMEIF
2181 N 148 @3 4E (Thermo Hypersil GOLD Cys 1%,
100mmx2.1mm, 1.9um), R iEFELBRERF A
0~1min, 5% B ; 1~2min, 5%~30% B ; 2~6 min, 30%"~
90% B ; 6~7min, 90%~100% B ; 7~8min, 100%~5% B ;
8~10min, 5% Bo

RIEDHEHNT. MABBREEFE: fa
BFEAEN ; BFERERE :320°C; BHER
[ :-3.0kV ; B§SARIR :40arb (Thermo FRIE{T R 11,
{UERT Thermo [ii%, /5[E) ; ¥BISAIR © 15arb ;
HBNSURE 1300°C; HEA N ( 2138 ; 5iEEE (R

farkl) : 150~1000 ; S3##R : 70000 (F1£%) ; C-trap
BE (AGC target) : 3x10° ; C-trap SEABF[E] : 200 mso

2 &
2.1 SPE&MHHMHE

WNFR 2 Fv, B3 AT B4R SR AN AR e R
NELEITEEXIEIUREE, tHIRT 10 pg L = B INinF R
% Supelclean ENVI-18 SPE #%. ProElut PLS SPE 14 Oasis
HLB SPE I FRAM RS BI[EIINZE, &I Oasis HLB SPE AE XY
KEMAPKEEPrASEBEBRIFIVRE, BREmERI
4837 e UR ZE 98T 50%, [F It SE50 & £2 1% A Oasis HLB
SPEHE, AFRRAE R T AP EILL G189 R EZ MRt
Oasis HLB SPEAX[EIUZERYF200, A 10% F30% ((KFR 5
) REEN TR R RRE I E R 39%~103%,
F350% ({&FR53%0) BRES MK KT HE PrAS W& FBRER
Me T EBEREARERIUL, MA70% (AR 5%)
FEAAN R XEERNR FEBRRINY
BirER L FEAREIU, E LA 5 mEL%ER 30% (K
RoE) PEENMER ERELINL30% (KR
) B9 EREZ MK Oasis HLB SPEFF G A Z.AE. HREZH]
S AR =M RR MR &RI9E R4 3T B U
=, FEitEE 7T S ER\ W RREER TR,

&2 F[FSPE R4 EUEREIRM

Table 2 Absolute recovery rates under various SPE conditions

AL (Unit) %

SPEfE EART &Stk /% AR
B#54 SPE column Methanol fraction/% Eluent
Analyte Supelclean  ProElut  Oasis - - - - g Zhs FAKM
ENVI-18 PLS HLB Methanol Acetonitrile Isopropanaol
S FHELE (Perfluorocarboxylic acid)
£ AR (Perfluoroheptanoic acid) 2 50 39 41 EL] 8 0 41 38 36
2488 (Perfluorooctancic acid) 40 63 58 55 58 EE! 0 54 52 51
£ ERE (Perfluorononanoic acid) 108 75 79 72 79 62 1 73 71 70
S ZEE (Perfluorodecanoic acid) 91 77 89 83 89 82 2 87 84 83
2 +—17EE (Perfluoroundecancic acid) 65 65 78 75 78 77 3 76 77 75
28+ Z7E (Perfluorododecanoic acid) 46 56 67 63 67 &7 & 66 66 64
L FRELZE (Perfluoralkyl sulfonicacid)
SR THEME (Perfluorobutane sulfonate) 1 49 59 65 59 6 1 66 62 50
£HECEIEE (Perfluorohexane sulfonate) 5 74 89 87 89 65 1 93 90 82
EREEEE (Perfluoroheptane sulfonate) 70 83 103 100 103 95 3 104 103 94
EFFEME (Perfluorooctane sulfonate) 94 88 102 100 102 a9 5 101 102 a4
ERSEEMES (Perfluorodecane sulfonate) 70 79 a5 82 85 85 31 85 84 81
£ FIREkARZEE (Perfluorosulfonamide)
SREREELHE (Perfluorooctane sulfonamide) 83 118 52 45 52 55 47 68 69 65

2.2 BIEFRMTIIRE
Zx52563% B8 Thermo Hypersil GOLD C,s BiE4+13#1T
BN DR, ZR3MARBRERER (k- BEE.

& 1mmol-L* ZERERRY7K - FEZ LI & 5 mmol-L* & B8
FRRY7K - BEE) , SCRRA[ABE 5mmol-L* ZEREN
K- BEERMRIER, BfEREELIER
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9%, ERZSIAR, G0 2 Fmo

5.7x10° | A 4.8x10° | [H] |
3.8x10° ’ 3.2x10°
1.9%10° 1.6x10°
0 0
13.8x10° | B] 7.5x10¢ | 1]
9.2x10° 5.0%10°
4.6x10° L 2.5%10°
o [y 0

25.2x10°| €] 8.7x10° | 1]
16.8=10° 5.8=10°%
8.4x10° 2.9%x10° ’
0 0
24.3x10°| D] 24.3x10° | K]
16.2x10° 16.2%10°
8.1x10° 8.1x10°
0 o] ————+

3.3x107 | (L]
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4.5x10° | E]
3.0x10°
1.5%10° 1.1x107

0 o] ——+
5.4x10° | _F] - 14.4x10° | M]
3.6x10° 9.6x10' ‘
1.8x10° 4.8x10*

0 0

SBE (Intensity)

6.3x10° | 6] 9.6x10° | [N]
4.2x10° 6.4x10°
2.1x10° 3.2¢10°

0 S 0

125456?8 123456738

B8] (Time) /min A i8] (Time) /min

ElA: 2mEE;s: 2MFH ;. 2ATE ;D 2ASE ;£

2HET—IRE  FI2ETIRE 6 SETEER 1 £
CHEER ;) SRRRRE ;) SRFEREE K SREEHE;
L: FEEMME ;M °C- 288 ) N " 2R FERE.
MEMBRE smmol-L! ZEAFERIK - BRI R,

[Note] A: Perfluoroheptanoic acid; B: Perfluorooctanoic acid;
C: Perfluorononanoic acid; D: Perfluorodecanoic acid; E:
Perfluoroundecanoic acid; F: Perfluorododecanoic acid; G:
Perfluorobutane sulfonate; H: Perfluorchexane sulfonate; I:
Perfluoroheptane sulfonate; J: Perfluorooctane sulfonate; K:
Perfluorodecane sulfonate; L: Perfluorooctane sulfonamide; M:
¥Cy-Perfluorooctanoic acid; N: “*Cs-Perfluorooctane sulfonate.
Mobile phases consist of 5mmol-L* ammonium acetate in water-
methanol.

2 FRigHEd 127 PFAS K2 2 fE{U R ARRYIRERE FRE

Figure 2 Extracted ion chromatogram of 12 PFAS and 2 isotope
internal standards in quality control samples

2.3 ERENER

NAMsBeEEIBER TIHSERTHE
. UUERERAG, EEF2RRMRITERARS,
HabPeaBRRESNEBTENERERIERSSD
B, tNE3FfR.
2.4 REMZHEER

B ERFRIFNESAARRE U EMHINIE,
B 2R FRBEBENERBERL L 2 RIARIZAE
WEMHNALR, LERUERENELIR, Birfk

AYEERS RIFEER L E A NLIFE GRS
Hhsk, S BERYIRERLELN BT LR HELH
TER4E, SRBRRMNLAFERBRNEMEEREN
0.10~10.00 pg-L?, EMEEFEBRMN R FEBRBER
MEE 7 0.05~10.00 pg-Lt, R sFHEFNBFIN
TERR &AM EEY N 0.01~1000pgL?, X FRE
r¥JRF0.996, LA10EZERLEREEX T EEER
(limit of quantitation, LOQ) , 12 % PFAS B T {FRZE &
LOQ #N%& 3 FfTRo

6.0x10° Al
. A RT: 3.68
Z 5.0x10° 1| 1915551
§ 4.0%10°
£ 3.0%10° '
5 2.0x10° i
¥ 1.0x10°
0 J T 1k
35x10*
_ 1B RT: 4.51 2
Zz 3010 2 AA:1053454 [  RT:5.00
2 gg:{& AA: 1151897
a
£ 1540° |‘3
= 10x10
g S0 LﬂﬂllmL
O T T
-5x10° : - . y
0 2 4 6 8 10
Bfi8] (Time) /min

] 1 BpfsiirRSERLAEBRENN 2 (G R R R,
3: BHEE R2RRE ; RT  REETE ; AA L BES,

[Note] 1: The sample and background perfluoroheptanoic acid are eluted
together before modifying; 2: The sample perfluoroheptanoic acid
after modifying; 3: The background perfluoroheptanoic acid after
modifying; RT: Retention time; AA: Area.

3 Bu#tdl (A). & (B) 0.5ng L #¥ A2 FEBRERY
REETFIRE

Figure 3 Extracted ion chromatograms of perfluorcheptanoic acid

before (A) and after (B) modification in 0.5 pg:L” standard sample

F3 MER 125 PFAS I FihL. IBXREMEER
Table 3 Working curve, correlation coefficient, and limit of
quantification of 12 PFAS in serum

B4 @35 , oo/
Analyte Regression equation (g™

SEEERE (Perfluorocarboxylic acid)
2§58 (Perfluoroheptanaic acid)
£ FEER (Perflucrooctanoic acid)
2 W T8 (Perfluorononanoic acid)
PEER (Perfluorodecanoic acid)
2§ +—178 (Perfluoroundecancic acid)
2+ 1Ak (Perflucrododecanoic acid)
S HIHERE (Perfluoralkyl sulfonicacid)
2 TEEES (Perfluorobutane sulfonate)
2 2 E#ES (Perfluorohexane sulfonate)
LMEELIRAER (Perfluoroheptane sulfonate)
LIRFLEIER (Perfluorooctane sulfonate)
£ SEEIEES (Perflucrodecane sulfonate)
S FlHERRRSE (Perfluorosulfonamide)
LREREFEE (Perfluorooctane sulfonamide) ¥=-0.021240.199% 09991 0.05

¥=0.0116+0.0607%X 09980 0.10
¥-0.0364+0.229X 09988 0.01
¥=-0.0277+0.486X 09982 0.01
¥=-0.023440511X 09961 0.01
¥=-0.0383+0.617% 09977 0.01
7=-0.168+0.754X 09974 0.01

¥=0.00511+0.00868X 0.9968 0.01
¥=-0.00839+0.164% 09990 0.01
¥=0.00641+0.172%¥ 09998 0.01
¥=0.317+0.235X 09992 0.10

¥=-0.033440.325X 09979 0.05
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2.5 BEENERE

T B iR R R HEARNERE, MR
SHHTEMRE (relative standard deviation, RSD) &G 7E
HERE, SHME. . S=1MRE (0.2, 1.0 5.0pgl?)
HNRIZEF BT EN DT, 8—NREKFE#T
5RFETNE, 1HEE BRI hifrEI W ER B s

B, E4E3d EE LRRE, TEZ BB EE
RE. Birft &Y FIEIUERTE 81.0%~123.7% Z 8],
HM RSD £ 1.2%~14.8% Z 8, B8 RSD 7£0.4%~16.1%
Z 8, 127 PFAS I EIKE R BRF BiEl RsD I
R4, BEREREFELDWRES, BEERY, AILUE
FIMEF 12 7 pras FERE S,

R4 SMRBREREHERIQNSEZERENFEEE (h=5)

Table 4 Accuracy and precision of established method in quality control samples at different concentrations (n=5)

B4 (Unit) 1 %

=l e BARsD Higl RSD
Bt Average recovery rate Intra-day RSD Inter-day RSD
Anslyes 02pgl’  1opgl’  So0pgl’  02pgl’  1opgl’  50pgl’  02pgl’  10pgl'  5.0pgl’
LE LS (Perfluorocarboxylic acid)
£ EEE (Perfluoroheptanoic acid) 100.7 104.2 94.1 14.8 12.2 21 3.7 9.4 8.0
2 %8 (Perfluorooctancic acid) 122.4 1075 94.4 4.2 5.8 1.2 114 15.8 1.0
£HERE (Perfluorononanoic acid) 116.4 102.5 90.7 4.7 2.8 3.2 4.0 3.5 5.7
2@ ZEER (Perfluorodecanoic acid) 109.5 93.7 84.1 7.2 5.8 1.8 32 43 4.1
28 +—{7E (Perfluoroundecanaic acid) 121.4 92.9 82.9 6.8 7 2.5 L5 47 3.4
£+ "5 (Perfluorododecanaic acid) 101.7 101.0 79.7 7.9 2.7 29 16.1 1.0 0.4
L F s (Perfluoralkyl sulfonicacid)
W THEE (Perfluorobutane sulfonate) 104.1 81.0 101.2 6.3 4.9 4.5 12.4 7.0 0.9
£ CHEEE (Perfluorohexane sulfonate) 123.4 95.1 94.3 31 1.4 34 4.4 Ll 1.2
TREIEEE (Perfluoroheptane sulfonate) 102.4 98.2 97.1 7.3 1.4 33 2.4 3.2 4.2
@ FEEER (Perfluorooctane sulfonate) 93.3 87.5 92.2 5.9 1.8 1.4 3.8 1.6 1.1
£ WMEMEES (Perfluorodecane sulfonate) 119.0 90.2 86.9 2.8 1.5 2.6 5.0 1.8 0.5
L RIEERARE (Perfluorosulfonamide)
EREFEER (Perfluorooctane sulfonamide) 123.7 84.6 90.5 23 1.6 2.4 15 1.4 1.1

2.6 KFRFERIH

RZFAZATTZE, 1T 2033 E) LEFHMmE+ 127
PFASIREE, ZERUIKR ST, IRTFEERMNEUMRES
DZEERITE. PrasTEFERFRPHIERE, REX

SRK, AE PrAs B9 HEARE, breMEEFERT
LEFEBEHRRIGERET 20%50, Eith10FhpPras
B HE > 90%. SRAFRISAFEERZOHIRE
i B PFAS, FR{IIEN2 B9 3.53 pg L2 1 2.03 pg L%

Hx

&5 20{3FFFMiFRP 12F PFASKHHERRERESH

Table 5 Distribution of 12 PFAS positive rates and concentrations in 20 cord blood serum samples

¥{E (Detection value) / (ugL")

E:ﬁz Pﬁﬁifm JLfEIEHE £ N fERFEE E’J_\TE B Py L mAE

GM1G5D Min Max

L F L2 (Perfluorocarboxylic acid)
3 BBk (Perfluoroheptanoic acid) 100 0.21£1.24 0.15 0.18 0.21 0.25 031
2@ FE (Perfluorooctancic acid) 100 3.00£2.77 0.08 2.77 353 5.00 8.98
2@ T (Perfluorononanoic acid) 100 0.21+3.58 0.03 0.06 0.23 0.63 3.12
2 EER (Perfluorodecanoic acid) 100 1.01+2.71 0.16 0.42 1.26 2.27 4.69
2% +—47B8 (Perfluoroundecanaic acid) 100 0.74£2.07 0.09 0.45 0.78 119 3.15
2+ =588 (Perfluorododecancic acid) 100 0.15£1.75 0.05 0.10 0.16 0.21 0.58

L FUAELZE (Perfluoralkyl sulfonicacid)
M TEME (Perfluorobutane sulfonate) 90 0.11£1.30 — 0.09 0.11 0.13 0.19
£ CHEHE (Perfluorohexane sulfonate) 100 0.111.56 0.05 0.09 0.10 0.13 0.40
SHBEEME (Perfluoroheptane sulfonate) 100 0.08£1.50 0.04 0.07 0.08 0.09 0.22
SRMIFEER (Perfluorooctane sulfonate) 100 2.25£1.57 0.99 1.74 2.03 2.88 6.70
£ WMELNES (Perfluorodecane sulfonate) 5 0,09£1.00 — — — - 0.09

L FRERRZE (Perfluorosulfonamide)
W EEBE (Perflucrooctane sulfonamide) 10 0.09£2.23 - - — - 0.16

[5E (Note) ] — : <L0Q.
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AR 508 3 1055 1 SR T AL BB AN B8 0 A 14
M, FBESIBINTS BE g ERNEER
F#, B3 T & F UPLC-Q-Orbitrap HRMS £ R B 1R
R, ER. ERSNEMES 12 F PrASTREN S A, B
SEEBRRX0.0170.10 pg-L?, 12 W EFYEIYEIWE
£ 81.0%~123.7% 2 18], BWFI B8 RSD 43579 1.2%~
14.8% 1 0.4%~16.1%, &7 AN B F#HE) LFHLE
FARREN, PFrASTERMEF MPBRT, thaER]
LUBE B ERNNER,

BT MEFRERE S, PrFAs SRR, XX B
VIRV S B HF R ENEBIFT, PFAS 5 510
BAPHAZERLEMENLRPERY, ELLIERA
B- B EEREEARE K RE A PRAS, IIANZIBIRHE L
PUTRE B EBE SPEFIREUR L. SPERARERA
FIHED DBRRE. REBEENMEFFMS,
SR A B SPE A B SaRE K3 2K BY | h3Fe7A 7 e Bt
BHIFFMXT SPE HIEIFRA IR AR, HHIRTF Cs i
(Supelclean ENVI-18 SPE1E) , FE K g1 (ProElut PLS
SPE 1+ Oasis HLB SPE #¥) X1 PFAS BUfR B EE S BUF- bE
BB HIRYE I, M RAY R AE 1185,
50% F170% (KT #0) BEEHTRAVIERLBE/IE 58,
218 PFAS M SPE 1 _EU5ERR , &R RIRR BT IR ER,

BEEMRENEERSBERERPZM
BB X8, PRASTER—ER YR, AHARIRE
XEREER T & A0 Cs RIBBIER, LUK- FEE
MEEGRRBITOE, ERIIEARETBHRNN BT
MNFRER AR R, RN b Bl AR ROt iE TS
TRl pH, IEIERRRE, BB, BELLE R
HEERFPIMA—EENZRZBAT RhiEpH B F
RE,

RERERRSERTENGIREM, BT PFAS
BEEFICGEEMNSREEE, HZRYNENAD
1B AT RBEEERAFEIE, BEATRTRE PrAS
FERTAPERESKRH Y. 57 © BRERM,
FRRNENEREFTEARMNBOERLFERT
TERN 2R FERNLAER, N RX—RE, SR
MEHAF O ERSSBAHFIA 2 Eg i —iREEHE,
fB1SR AT Y PFAS TERT IR BB LAHITHE,
{284 BY PFAS BYH I B B #8 Eb SR da AR PFAS HH
EBFia) i, FINSCIRNT BRI BH EHRE S,

UPLC-Q-Orbitrap HRMS 1E L F R FHR LBV E 2
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The Modern Food and the Drugs Manufacture Enterprise

Measurementindustry Field Research
WU Chenfan
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Abstract In this paper, the " Metrological Development Plan ( 2013 — 2020) " as the
background, the demand for food, drugs manufacture enterprise on site measurement to
do research, from technical measurement to industrial measurement, from management to
service, conduct statistics and classification on the development trend of the industry
and the instruments and equipment involved in quality control, environmental protection,

safety and other aspects by means of field investigation, sort out the metrological market
demand and capacity of the industry, combined with the existing capacity of the company,

this paper puts forward suggestions on project construction, market expansion and personnel

training for food and drug manufacturing enterprises the metrological market.
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Current Status and Development Trend of Medical Metrology
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Abstract: Medical metrology is an important means of quality control of medical equipment. Based on the actual work of
medical device metrology, this study analyzes the problems existing in the current situation of medical metrology, puts forward
management countermeasures, discusses the status and advantages of remote metrology calibration, and expounds the influence on
the development of medical metrology. In order to facilitate timely and interactive connection between subordinate units, we should
speed up the application of remote measurement and calibration technology, improve the efficiency of medical metrology, and

provide reference for optimizing workflow.
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On the Construction of Quality Management System

for Calibration Proficiency Testing Providers
ZHANG Su, XU Yong
( Changcheng Institute of Metrology & Measurement Beijing 100095, China)

Abstract This paper expounds the significance of the construction of the quality
management system for calibration proficiency testing providers. It also introduces and
analyzes the methods and key points of quality control from the aspects of technical and
management control. |t puts forward the direction for the improvement and enhancement of
the qual ity management system from the two perspectives of quality supervision delicacy and
sample management informatization, which can strengthen the construction of the quality
management system for calibration proficiency

testing providers.

Key words proficiency testing; calibration proficiency testing provider; construction
of quality management system; technical control;management control
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