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Tekstil, Deri ve Kagit Materyallerinde Perflor Gruplu Kimyasal
Bilesiklerin LC/MS/MS Sistemi lle Kantitatif ve Kalitatif Analizi

Qualitative and Quantitative Analysis Of Perfluoro Compounds (Pfcs) In
Textiles, Leather and Paper Materials Using LC/MS/MS

Perfluorooctane sulfonat (PFOS) ve perfluorooctanoic asit
(PFOA) bilesikleri Perflor gruplu kimyasallar olarak bilinir-
ler (PFCs).

PFOS hali, tekstil ve deri endustrilerinde koruyucu kap-
lama ajani olarak siklikla kullanilan bilesiklerdir. Bu bile-
sikler, ayrica, cesitli ev ve endustriyel temizlik Grlnlerinin
Uretiminde de kullanilmaktadir.

PFOA bilesigi ise, elektronik ve tekstil endustrilerinde ve
yapismaz tabanl tencere Uretiminde fluoropolimer ola-
rak kullaniimaktadir.

PFC bilesikleri kararh, 1siya karsi duyarsiz ve su ile yagli bi-
lesikleri reddeden ytizey aktif maddelerdir. PFOS ve PFOA
bilesikleri ve tlrevleri cevreye yayilabilir.

Son yapilan arastirmalar, PFC bilesiklerinin kolaylikla de-
kompoze olmamalari nedeniyle dogada son derece ka-
rarli bilesikler olarak kaldigini, ayrica, insan viicudunda ve
hayvanlarda biriktigini kanitlamistir. Bu bilesikler nehirler,
c¢esme suyu, gida maddeleri ve hatta hava ve insan kanin-
da tespit edilmeleri ve biyolojik toksik etkileri nedeniyle
organik kirleticiler arasina alinmig ve kullanimlari ile ilgili
de yasal dizenlemeler getirilmistir.

27 Aralik 2006'da Avrupa Parlamentosu ve Avrupa Birligi
Konseyi ortaklasa olarak Perflorooktan Sulfonat kullanimi
ve satisini sinirlamis (2006/122/EC), Haziran 2008'de ise
yasaklamistir. Turkiye'de ise bu konuda heniiz herhangi
bir sinirlama yoktur. Bu calismada Perflor gruplu (PFC)
Kimyasal Bilesiklerinin Kantitatif ve Kalitatif analizi Shi-
madzu LCMS-8030 LCMSMS Triple Quadrupole sistemi
kullaniimstir.
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Perfluorooctane sulfonic acid (PFOS) and perfluorooc-
tanoic acid (PFOA) compounds are known as perfluoro-
chemicals (PFCs).

PFOS are commonly used as protective coating agents in
carpet, textile and leather industries. These compounds
are also used in several home and industrial cleaning
products.

PFOA are used as fluoropolimer for electronics, textiles
and non-stick cookware production.

PFCs are highly stable, heat resistant, water and oil repel-
lent surface active chemical compounds. PFOS and PFOA
compounds and their derivatices are environmental polu-
tants since they are not easily decomposed in the natural
world.

Recent research efforts have confirmed that PFCs do not
decompose easily in the natural world due to their sta-
bility and that they are accumulated in the human body
and wild animals. Reports of their detection in rivers, tap
water, food, as well as in the atmosphere and in human
blood and concerns on their biological toxicity have re-
sulted in their classification under persistant environmen-
tal pollutants and led to new regulations limiting their
industrial usage.

European Parliament and European Union Council have
agreed (2006/122/EC) to limit the use and sales of Per-
fluorooctane Sulfonic Acid on December 27th, 2006. The
compound was completely banned in June 2008. There is
no limitation about this compound in Turkey yet. In this
paper, Shimadzu LCMS-8030 LCMSMS Triple Quadro-
pole system was used for the analysis of Perfluoro (PFC)
Chemical Compounds.



Kolon : Shim-pack FC-ODS (2.1 mm I.D. X 50 mm L., 3 um)
Mobil Faz A : 2 mmol/L Ammonium acetate — Su

Mobil Faz B : 2 mmol/L Ammonium acetate - Metanol
Gradient Program : 30 %B (0 min) — 100 %B (20 min) — 30
%B (20.01 — 30 min)

Akis Orani : 0.3 mL/min

Enjeksiyon Hacmi: 20 uL

Kolon firin Sicakligi : 30 °C

Probe Voltage : -3.5 kV (ESI-negative mode)

Nebulizing Gaz Akisi : 1.5 L/min

Drying Gaz Akisi : 10 L/min

DL Temperature : 250 °C

BH Sicakhgi : 400 °C
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Column : Shim-pack FC-ODS (2.1 mm I.D. X 50 mm L., 3 um)
Mobile Phase A : 2 mmol/L Ammonium acetate — Water
Mobile Phase B : 2 mmol/L Ammonium acetate - Methanol
Gradient Program : 30 %B (0 min) — 100 %B (20 min) — 30
%B (20.01 — 30 min)

Flow Rate : 0.3 mL/min

Injection Volume: 20 uL

Column Oven Temperature : 30 °C

Probe Voltage : -3.5 kV (ESI-negative mode)

Nebulizing Gas Flow : 1.5 L/min

Drying Gas Flow : 10 L/min

DL Temperature : 250 °C

BH Temperature : 400 °C

Sekil 1. LCMS-8030 Triple Quadrupole Kitle Spektrometre Sistemi
Figure 1. LCMS-8030 Triple Quadrupole Mass Spectrometer

Numune Hazirlama Proseduri:

En az 2g olacak sekilde deri, tekstil ya da kagit materya-
li 50ml test tlp icerisine alinir. IS (internal standart) ilave
edilir. Metanol ile ekstrakte edilir. SPE ile clean-up asamasi
uygulanir. Vial igerisine alinarak LCMSMS sisteminde analiz
edilir.

Pamuklu, pamuksuz ya da sivi materyaller icin farkh eks-
traksiyon ve clean-up metodlari uygulanir.

Sample Preparation :

Leather, textile or paper material is transferred inside 50ml
test tube (minimum sample amount should be 2g). IS (in-
ternal Standard) is added. Methanol is used for extraction.
Clean-up is performed using SPE. LCMSMS analysis is per-
formed upon transfer of the sample inside a vial.

Different extraction and clean-up methods are applied for
cotton, non-cotton and liquid materials.
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1% PFOA 4 C13 1 416.9 371.8 8.4 3.7
PFOA4 C13 2 416.9 171.8 8.4
2* PFOS 4 C13 1 502.9 79.9 10.6 3.4
PFOS 4 C13 2 502.9 99 10.6
3 PFOA 1 412.9 368.9 9.8 1.8
POFA 2 412.9 168.6 9.8
4 PFOS 1 498.9 79.8 10.2 1.9
PFOS 2 498.9 98.8 10.2
5 PFOSA 1 497.9 77.7 12.2 3.7
PFOSA 2 497.9 168.0 12.2
6 N-Et-FOSA 1 525.9 168.8 15.9 2.3
N-Et-FOSA 2 525.9 219 15.9
7 N-Et-FOSE 1 630.3 589 14.9 2.1
N-Et-FOSE 1 630.3 579 14.9
8 N-Me-FOSA 1 511.9 168.1 12.7 1.6
N-Me-FOSA 2 511.9 218.9 12.7
9 N-Me-FOSE 1 616.1 59 12.5 3.1
N-Me-FOSE 2 616.1 59.7 12.5

Tablo 1./ Table 1

Bilesiklerin MRM degerleri, Alikonma zamanlari ve 0.1 ppb konsantrasyonundaki (raporlama limiti) relatif standart sapma ytzdeleri.
. MRM values, retention times, 0.1 ppb concentration (reporting limit) and percent relative standard deviation for PFCs.
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*PFOA-13C4 ve PFOS-13C4 bilesikleri basaril bir calisma
olmasi amaciyla Internal Standart olarak kullaniimistir.
Bu calismada PFOA-13C4 ve PFOS-13C4 geri kazanimlar
>%380 olarak tespit edilmistir.

Kalibrasyon Egrisi:
Raporlama limitine bagh olarak kalibrasyon egrisi 0.1-0.5-
1.0-5.0-10.0 ppb (ng/ml) konsantrasyonlarinda gizilmistir.
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*PFOA-13C4 ve PFOS-13C4 are used as Internal Standard.
In this article PFOA-13C4 and PFOS-13C4 recovaries are
detected as >80%.

Calibration Curve:

Accoding to the reporting limit, calibration curve was
drawn at concentrations of 0.7-0.5-1.0-5.0-10.0 ppb (ng/
mli).
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Sekil 3. PFOA ve PFOS icin kalibrasyon egrileri. / Figure 3. Calibration curves of PFOA and PFOS

Bu calisma Shimadzu LCMS-8030 Triple Quadrupole Sis-
teminde (2006/122/EC) direktifine bagh olarak raporlama
limiti 0.1 ng/ml PFOS, PFOSA ve 0.5 ng/ml PFOA, N-Me-
FOSA, N-Et-FOSA, N-Me-FOSE, N-Et-FOSE konsantrasyon-
larinda olacak sekilde basariyla tamamlanmistir.
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This analysis was conducted and completed successfully
using Shimadzu LCMS-8030 Triple Quadrupole System at
0.1 ng/ml PFOS, PFOSA and 0.5 ng/ml PFOA, N-Me-FOSA,
N-Et-FOSA, N-Me-FOSE, N-Et-FOSE concentrations in
paralel with the reporting limit (2006/122/EC).
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