
Overview and Importance. The pollutants known as polychlorinated

biphenyls (PCBs) are widely distributed in the environment due to their extensive

use in the past, lipophilic (fat-loving) character, and general chemical stability.

Moreover, PCBs tend to accumulate in the food chain. Thus, several countries

have established recommended maximum limits for PCBs in food products.

Among these products, milk is especially important because of its extensive and

widespread consumption by humans.

Objective. To date, there is no simple and rapid procedure for testing PCBs in

milk. Headspace solid-phase microextraction (HSSPME) is a promising approach,

but only a few have applied this technique to milk (1, 2). Here, we present a

simple and rapid saponification-HSSPME procedure for extracting PCBs from

milk.

References

1. DeBruin et al. J. Anal Chem. 1998, 70, 1986 1992.

2. Röhring & Meische. J. Anal. Chem. 2000, 366, 106 111.

PCBs in Milk Samples by Saponification–Solid-Phase Microextraction
María Llompart, Manuel Pazos, Pedro Landín, and Rafael Cela

Departamento de Química Analítica, Nutrición y Bromatología, Facultad de Química, Universidad de Santiago de Compostela, Spain 

INTRODUCTION
Saponification and HSSPME Procedures

• PCB-spiked milk samples were placed in headspace vials. When saponification 

was performed, samples were treated with NaOH, sealed, immersed in water 

(100 C), and equilibrated for 6 min.

• During HSSPME, the fiber was exposed to the headspace over the sample for 5-

240 min as the sample was stirred.

Sample Analysis

• PDMS-fibers were analyzed by GC-electron capture detection using a HP 5890 

series II GC.  

• PDMS-DVB fibers were analyzed by GC/MS MS using a Varian 3800 GC with 

ion trap (Varian Saturn 2000). 

Reagents and Materials

• Full-fat (3.61%) and skim milk (0.34%) samples were obtained from local 

supermarkets and spiked with one of eight PCB congeners (1 100 ng/mL).

• Spiked samples were homogenized, held at 4 C for 24 h, frozen, then thawed 1 h 

before analysis.

• SPME holders with one of two fiber assemblies were used: 

100 µm PDMS (poly(dimethylsiloxane))

65 µm PDMS-DVB (poly(dimethylsiloxane)divinylbenzene)

PCB-28 PCB-52 PCB-101 PCB-105

PCB-118 PCB-138 PCB-153 PCB-180

METHODS

(1) Before saponification. PCBs were detected in skim milk (Fig. 1A) but not full-fat 

milk (Fig. 1B) because of matrix effects in full-fat milk.

(2) Saponification. Extraction of PCBs from full-fat milk matrix was improved by 

saponification (Table 1).  

(3) After Saponification. Skim milk response increased 5 to 10 times; full-fat milk 

response increased 4 to 8 times, depending on PCB congener (Fig. 2). 

(4) Procedure Validation. Calibration results were linear (R2 > 0.994) and 

reproducible (RSD < 11.0 %) over a wide range of concentrations. 

Recoveries 75% were achieved with a certified milk sample (Table 2).

PCBs are more difficult to extract from full-fat milk than skim milk, suggesting that

PCBs are more strongly retained in the full-fat matrix. Even at 100 C, SPME without

saponification was not efficient. Saponification of milk fats to their corresponding

glycerols and carboxylates appears to facilitate the release of PCBs.

Saponification enables a more efficient SPME process for the detection of PCBs

in full-fat milk. An increase in response of 4 to 9 times can be achieved depending

on the PCB congener.

Fig. 1 (A)

PCBs in skim milk. 

Fig. 1 (B)

PCBs in full-fat milk.

Fig. 2. PCBs in full-fat milk with saponification. 
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Table 2. Procedure validation with certified milk (25% fat). 

Factor Options Tried Best Option

NaOH vol (mL) 0.5, 2.0, 3.5 2.0-3.5

NaOH conc. (%) 20, 30 20%

Time (min) 30, 60 60*

Fiber PDMS, PDMS-DVB PDMS-DVB

Stirring yes, no yes

*Longer times were better but too slow for desired approach

Table 1. Optimization of saponification process.  

Certified Value               Recovery 

PCB (ng/g)                        (%)

52 1.16 0.17 75

118 3.19 0.24 97

153 18.60 1.10 98

156 1.64 0.11 102

180 9.29 0.26 88
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