Text S1 Details of blood sample collection and analysis

The ALSPAC study

The study sample was derived from the ALSPAC study, a population-based study investigating environmental and genetic influences on the health, behaviour and development of children. All pregnant women in the former Avon Health Authority with an expected delivery date between 1 April 1991 and 31 December 1992 were eligible for the study; 14,541 pregnant women were initially enrolled, resulting in a cohort of 14,062 live births.1
 The social and demographic characteristics of this cohort were similar to those found in UK national census surveys.2
 Further details of ALSPAC are available at www.bris.ac.uk/alspac. 

Collection, storage and analysis of blood samples 

Whole blood samples were collected in acid-washed vacutainers (Becton and Dickinson, Oxford, UK) by midwives as early as possible in pregnancy. The median gestational age at the time of blood sampling was 11 weeks (range 1–42 weeks, interquartile range 9–13 weeks). Whole blood samples were stored in the original tube at 4ºC at the collection site before being transferred to the central Bristol laboratory within 1​–4 days. Samples were at ambient temperature during transfer (up to 3 h). They were then stored at 4ºC until analysis. Samples were analysed for lead using inductively-coupled plasma mass spectrometry in standard mode (R. Jones; Centers for Disease Control (CDC), Bethesda, MD, USA; CDC Method 3009.1). 
Clotted whole blood was quantitatively transferred to a digestion tube using concentrated HNO3.  Nitric acid is used for the purpose of solubilizing and stabilizing metals in solution and aiding complete transfer of the blood matrix out of the original blood vial.  The mass of blood transferred from the original tube is determined by difference weighing on an analytical balance.  The volume of blood transferred for digestion is determined by calculation using an assumed density derived from the literature  (average of range) and the mass of blood transferred.  The blood sample, in a nitric acid and hydrogen peroxide matrix, was heated in a microwave at a controlled temperature and time during which the organic matrix of the blood was decomposed, removing clots.  A spike of rhodium added to the blood digestion prior to heating allows correction for any evaporative loss during the heating process.  The resulting digestate was further diluted 1+9 to reduce the concentration of the acid and total dissolved solids in the digestion matrix.  ICP-DRC-MS internal standards (Ir and Te) are a constant concentration in all blanks, calibrators and samples (added at the time of 1+9 dilution of digestate).  Monitoring the instrument signal ratio of a metal to its internal standard allows correction for instrument noise and drift, and sample-to-sample matrix differences. Standard addition method of calibration is used here to reduce the influence of matrix that changes the analytical sensitivity of the method.  Matrix differences in dilutions of digested blood specimens are possible due to the way in which blood specimens are prepared for digestion (see Table 1).  Concentrations of the working calibrator sets have been selected to keep the relative standard-to-sample concentrations to approximately 25–100% for standard spike 1 and approximately 100–400% for standard spike 2 (except for concentrations approaching the limit of detection). 

	Table 1. Sample preparation for digestion



	Amount of blood
	HNO3 (Transfer)
	HNO3

(Extra)
	H2O2
	Rh spike
	Recovery spike*
	Total volume
	Dilution factor

	Up to 2 ml (2.12 g) 
	5 ml
	-
	1 ml
	0.1 ml
	0.035 ml or 0.120 ml
	up to 8 ml
	4× +

	Up to 3 ml (3.18 g)
	5 ml
	2 ml
	2 ml
	0.1 ml
	0.035 ml or 0.120 ml
	11–12 ml
	4–5.5×

	Up to 4 ml (4.23 g)
	5ml
	5 ml
	2 ml
	0.1 ml
	0.035 ml or 0.120 ml
	15–16 ml
	4–5.0×

	Up to 5 ml (5.29 g)
	5 ml
	8 ml
	2 ml
	0.1 ml
	0.035 ml or 0.120 ml
	19–20 ml
	4–4.8×

	Up to 6 ml (6.35 g) 
	5 ml
	11 ml
	2 ml
	0.1 ml
	0.035 ml or 0.120 ml
	23–24 ml
	4–4.6×

	Up to 7 ml (7.41 g)
	5 ml
	14 ml
	2 ml
	0.1 ml
	0.035 ml or 0.120 ml
	27–28 ml
	4–4.5×


* Recovery spike was added only when preparing a spike recovery / calibration verification / blind QC sample.  For routine spike recovery / calibration verification evaluation we used 0.035 mL spike if spiking the low QC pool and 0.120 mL spike if spiking the high QC pool.  For targeted spike recovery / calibration verification, we calculated the volume of working spike recovery standard to add based on the evaluation concentration needed. 

 Diluted liquid samples were introduced as an aerosol into the ICP through a nebulizer and spray chamber carried by a flowing argon stream.  By coupling radio-frequency power into flowing argon, plasma is created in which the predominant species are positive argon ions and electrons and has a temperature of 6000–8000 K.  The sample aerosol passes through a region of the plasma allowing the thermal energy to sequentially dry the aerosol, vaporize the remaining material, atomize it, then ionize the atoms (strip off electrons).  The ions, along with the argon, enter the mass spectrometer through an interface that separates the ICP at atmospheric pressure (~760 Torr) from the mass spectrometer operating at a low pressure (~10–5 Torr).  The ions pass through a focusing region, the dynamic reaction cell, the quadrupole mass filter, and finally are counted in rapid sequence at the detector allowing individual isotopes of an element to be determined.  The dynamic reaction cell operates in one of two modes.  In ‘standard’ mode the cell is not pressurized and ions pass through the cell to the quadrupole mass filter unaffected.  In ‘DRC’ mode the cell is pressurized with a gas which will collide or react with the incoming ions to either eliminate an interfering ion or change the ion of interest to a new mass which is free from interference.  In this method the instrument is operated in DRC mode when analyzing for mercury and selenium, but in standard mode when analyzing for cadmium and lead.  For selenium, the reaction cell is pressurized with methane gas which causes a dramatic reduction of the 40Ar40Ar+ ion which would otherwise interfere with detection of 80Se at m/z 80.  The reduction of the 40Ar40Ar+ ion is a result of collisional dissociation and charge transfer processes. When analyzing for mercury, the reaction cell is pressurized with oxygen gas causing the interfering WO+ ions (184W16O+ at m/z 200 and 186W16O+ at m/z 202) to convert to non-interfering dioxides (184W16O2+ at m/z 216 and 186W16O2+ at m/z 218) much like MoO+ interferences are eliminated from interfering with Cd measurements when using oxygen as a reaction gas.  Electrical signals resulting from the detection of ions were processed into digital information that was used to indicate first the intensity of the ions and then the concentration of the element. 

Limits of detection (LOD)

The 4484 samples used gave the following numbers that were below the level of detection of the assays: mercury (n = 3), selenium (n = 0), cadmium (n = 1119), lead (n = 1). Where the assay was below the LOD, a value of 0.7 times the LOD value was ascribed to the sample by the Bristol team. Since the distributions of all trace metals had evidence of a lower tail, a factor greater than 0.5 was deemed appropriate to reflect the likelihood that more of the latent results would be closer to the LOD than zero.
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