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Abstract 

Among parturient women in Lubumbashi, blood lead concentrations [geometric means (25th-

75th percentiles)] were higher among 40 women with preeclampsia [6.66 µg/dL (5.16-79.4)] 

than among 39 control women matched for age and gestation duration [5.08 µg/dL (4.27-

6.30)]. Blood lead exceeded 5 µg/dL in 33 (83%) preeclamptic women and 17 (44%) control 

women [odds ratio 6.1 (95%CI 2.1–17.1)]. In another study, we found high levels of lead in 

surface dust collected in front of homes in Lubumbashi (36/127 samples exceeding 120 µg 

lead/g dust). Our findings support the conclusions of a systematic review that increased 

blood lead level increases the likelihood of preeclampsia. Moreover, our study indicates that, 

as in other urban areas in Africa, exposure to lead is unacceptably high among pregnant 

women in Lubumbashi. Preventive measures are needed to protect mothers and children 

from the serious adverse effects of lead exposure. 
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Introduction 

A recent systematic review published in Environmental Research found that blood lead (Pb) 

concentrations were significantly and substantially associated with preeclampsia (Poropat et 

al., 2018). From their meta-analysis based on 11 cross-sectional studies, the authors 

concluded that an increase in blood Pb of 1 µg/dL in pregnant women was associated with a 

1.6% increase in likelihood of preeclampsia. 

In this brief report, we provide additional data that support the conclusion that Pb exposure 

may represent a risk of preeclampsia. Our study was performed in Lubumbashi, the capital of 

the (former) province of Katanga, in the Democratic Republic of the Congo, where we have 

previously documented high environmental exposure to trace metals as a result of the poorly 

regulated extraction and processing of copper and cobalt minerals (Banza et al., 2009).  

Methods 

In a case-control study, we included 80 pregnant women who came to give birth in the 

University Hospital of the University of Lubumbashi (UNILU). Forty parturient women with a 

history of preeclampsia during pregnancy (cases) were included between 13/07/2012 and 

12/01/2013. The diagnosis of preeclampsia was based on the occurrence, after 20 weeks of 

gestation, of hypertension (systolic blood pressure ≥140 mmHg and/or diastolic blood 

pressure ≥ 90 mmHg) with documented proteinuria (positive dipstick test) and with or without 

oedema. Forty parturient women without a history of preeclampsia (controls) were included 

between 03/02/2013 and 25/02/2013. Cases and controls were individually matched for age 

(± 2 years, as far as possible) and duration of gestation. The study was approved by the 

Committee for Medical Ethics of the UNILU.  

Participants accepting to be included in the study replied to a questionnaire (administered 

face-to-face) to obtain demographic and other relevant information, clinical data were 

extracted from patient notes, and each participant, except one control woman, provided, 

before delivery, a venous blood sample and a spot sample of urine for analysis of trace 

metals. Blood was collected in 4 mL K2EDTA Vacutainer tubes (Becton Dickinson); urine 

was collected in 40 mL polystyrene vessels and then aliquoted into 4 mL cryovials. The 

samples were stored frozen at -18°C, transferred to Belgium in cool boxes, stored frozen at -

20°C and then analyzed for the concentration of metals by inductively coupled plasma mass 

spectrometry (ICP-MS). The laboratory (Louvain Toxicology and Applied Pharmacology) 

where the metal measurements were performed is ISO15189-certified for ICP-MS analyses 

of metals in both urine and blood, and it is a reference laboratory for the German External 

Quality Assessment Scheme (G_EQUAS) (Göen et al., 2012). In urine, 26 elements were 

measured as previously described (Hoet et al., 2013) and five elements (Mn, Co, Cd, Hg, Pb) 

were quantified in whole blood. For Be, In, Pt and Bi in urine, nearly all values were below 

the limit of detection (LOD) and these elements were ignored. For other elements, we 

attributed a value of LOD/(square root of 2) for values falling below the LOD. Statistical 

analyses (Mann-Whitney test and Spearman correlation) were performed using SPSS 20.  

Results 

Table 1 shows that the women with preeclampsia and the control women had similar age, 
anthropometric characteristics and duration of gestation. However, the proportion of 
primigravidae was higher in the preeclampsia group (32.5%) than among controls (2.5%), 
thus leading to a lower number of previous gestations in the former group. Only one 
preeclamptic and two control women reported smoking, but 18 preeclamptic and 10 control 
women reported drinking alcohol during pregnancy. Only one control woman reported having 
worked in a mining-related job; two women in each group reported having a husband working 



MUSA OBADIA_ER-18-376R2_3 
 

in a mining-related job; five control women and seven women with preeclampsia stated that 
they lived close to mining activities. 
 
Table 1 Demographic and other characteristics at inclusion 

 Control 
n = 40 

Preeclampsia 
n = 40 

Age (y) 31.4 (4.7) 30.6 (6.4) 
 [24 – 41] [17 – 41] 
Gestational age (weeks) 37.0 (3.5) 36.5 (3.8) 
 [26 – 42] 26 – 42] 
Gravidity 4.6 (2.0) 3.7 (2.8) 
 [1 – 9] [1 – 9] 

Primigravidae (n, %) 1 (2.5%) 13 (32.5%) 
Gravidae 2-3 (n, %) 12 (30%) 11 (27.5%) 
Gravidae >3 (n, %) 27 (67.5%) 16 (40%) 

Height (cm) 170 (6) 167 (7) 
 [157 – 182] [152 – 182] 
Weight (kg) 81 (9) 86 (15) 
 [66 – 105] [64 – 107] 
BMI 28.1 (4.0) 31.0 (5.0) 
 [22.4 – 32] [21.5 – 43.8] 
Systolic BP (mmHg) 110 (10) 174 (17) 
 [90 – 130] [140 – 210] 
Diastolic BP (mmHg) 65 (8) 111(16) 
 [50 – 100] [90 – 160] 
Glycemia (mg/dL) 89 (13) 92 (12) 
 [65 – 128] [69 – 118] 
Creatinine urine (g/L) 1.18 (0.90) 1.42 (1.19) 
 [0.11 – 3.48] [0.18 – 4.17] 

Legend: Data are means with (standard deviations) and [range], or n (percentages); BP: 

Blood pressure; BMI: Body Mass Index. All data were obtained at the time of inclusion (i.e. 

prior to delivery), except glycemia which was obtained from patient files. Differences between 

groups are not statistically significant, except for blood pressure (defining criteria) and for 

gravidity. 

 

Table 2 shows the concentrations of trace elements measured in urine (with and without 

creatinine correction) and in blood. 

In blood, only Pb differed significantly between the two groups with a 31% higher (p=0.001) 

geometric mean value in women with preeclampsia (6.7 µg/dL) compared to control women 

(5.1 µg/dL). Figure 1 shows that the proportion of women with blood Pb levels above 5 µg/dL 

[the level that should not be exceeded in pregnant women (Holland et al., 2016)] was higher 

among women with preeclampsia (33/40, 82.5%) than among the control women (17/39, 

43.6%), thus giving an odds ratio of 6.1 (95% CI 2.1 – 17.1). This difference in blood 

concentrations was not reflected in urine, since the urinary concentrations of Pb tended to be 

higher (with and without creatinine correction) among controls than among women with 

preeclampsia. Nevertheless, among preeclamptic women the correlation (Spearman) 

between blood Pb and urinary Pb was highly significant (r=0.52, p= 0.0009) with creatinine 

correction, but not without creatinine correction (r=0.11, p=0.50); among control women, Pb-

B and Pb-U did not at all correlate, regardless of creatinine correction (r=0.16 and 0.15).  

With regard to the other trace metals, women with preeclampsia had higher geometric mean 

urinary concentrations (with creatinine correction) than control women for Sn (3.8-fold), Cu 
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(3.5-fold), Cd (3.1-fold), Sb (1.6-fold) and Zn (1.5-fold); the opposite was the case for Al (4.2-

fold lower). 

Table 2 Concentrations of trace metals in blood and in urine 

  CONTROL PREECLAMPSIA P 
Mann Whitney 

Li Urine (µg/L) 15.3 (10.9 – 23.6) 15.8 (10.9 – 23.4) 0.73 
 (µg/g creat.) 17.4 (13.9 – 25.0) 16.5 (11.3 – 32.0) 0.90 
Al Urine (µg/L) 30.0 (16.9 – 57.6) 8.21 (1.91 – 31.9) 0.004 
 (µg/g creat.) 34.1 (21.5 – 51.5) 8.12 (2.98 – 25.4) ˂0.001 
Ti Urine (µg/L) 12.9 (8.37 – 29.1) 12.3 (5.45 – 30.4) 0.56 
 (µg/g creat.) 14.7 (11.0 – 22.3) 12.5 (9.18 – 18.9) 0.30 
V Urine (µg/L) 0.68 (0.37 – 0.85) 0.79 (0.45 – 1.14) 0.29 
 (µg/g creat.) 0.77 (0.41 – 1.37) 0.85 (0.44 – 1.55) 0.60 
Cr Urine (µg/L) 0.62 (0.26 – 1.35) 0.70 (0.29 – 1.21) 0.60 
 (µg/g creat.) 0.70 (0.39 – 1.07) 0.67 (0.30 – 1.35) 0.48 
Mn Urine (µg/L) 2.38 (1.19 – 4.06) 2.18 (1.09 – 3.45) 0.66 
 (µg/g creat.) 2.70 (1.75 – 4.47) 2.19 (1.13 – 3.40) 0.046 
 Blood (µg/dL) 1.80 (1.54 – 2.19) 1.94 (1.50 – 2.43) 0.68 
Co Urine (µg/L) 6.97 (2.98 – 13.0) 7.03 (3.94 – 11.1) 0.94 
 (µg/g creat.) 7.92 (4.85 – 12.5) 7.14 (4.30 – 12.5) 0.45 
 Blood (µg/dL) 0.15 (0.09 – 0.24) 0.19 (0.11 – 0.34) 0.21 
Ni Urine (µg/L) 2.38 (1.17 – 4.14) 3.20 (1.75 – 4.61) 0.15 
 (µg/g creat.) 2.70 (1.77 – 4.05) 3.13 (1.90 – 4.46) 0.14 
Cu Urine (µg/L) 26.9 (16.2 – 48.1) 115 (44.1 – 338) ˂0.001 
 (µg/g creat.) 30.6 (19.8 – 41.3) 108 (34.7 – 298) ˂0.001 
Zn Urine (µg/L) 495 (261 – 1067) 865 (370 – 2020) 0.03 
 (µg/g creat.) 562 (418 – 876) 850 (619 – 1148) 0.003 
As Urine (µg/L) 23.6 (10.5 – 55.3) 19.6 (8.72 – 37.3) 0.56 
 (µg/g creat.) 26.8 (16.7 – 42.1) 19.3 (10.3 – 36.9) 0.67 
Se Urine (µg/L) 23.3 (12.5 – 41.2) 28.7 (12.1 – 62.7) 0.38 
 (µg/g creat.) 26.5 (22.9 – 31.2) 28.3 (23.2 – 35.4) 0.38 

Mo Urine (µg/L) 32.7 (20.0 – 76.3) 31.6 (13.5 – 69.6) 0.70 
 (µg/g creat.) 37.2 (33.1 – 75.6) 30.9 (20.5 – 50.5) 0.09 
Cd Urine (µg/L) 0.60 (0.34 – 1.02) 2.13 (0.75 – 7.40) 0.001 
 (µg/g creat.) 0.68 (0.43 – 1.04) 2.12 (0.78 – 3.93) ˂0.001 
 Blood (µg/dL) 0.07 (0.06 – 0.08) 0.07 (0.05 – 0.10) 0.64 
Sn Urine (µg/L) 0.38 (0.02 – 3.42) 1.78 (0.40 – 8.37) 0.008 
 (µg/g creat.) 0.44 (0.06 – 3.78) 1.65 (0.37 – 8.86) 0.005 
Sb Urine (µg/L) 0.11 (0.05 – 0.22) 0.20 (0.12 – 0.31) 0.006 
 (µg/g creat.) 0.13 (0.07 – 0.19) 0.19 (0.11 – 0.39) 0.02 
Te Urine (µg/L) 0.31 (0.26 – 0.54) 0.31 (0.18 – 0.55) 0.46 
 (µg/g creat.) 0.35 (0.32 – 0.55) 0.31 (0.19 – 0.50) 0.19 
Ba Urine (µg/L) 7.75 (3.77 – 12.3) 7.05 (2.03 – 15.5) 0.23 
 (µg/g creat.) 8.81 (3.36 – 18.1) 7.03 (1.32 – 25.3) 0.11 
Hg Blood (µg/dL) 0.22 (0.13 – 0.28) 0.21 (0.15 – 0.26) 0.78 
Tl Urine (µg/L) 0.24 (0.15 – 0.39) 0.33 (0.19 – 0.58) 0.09 
 (µg/g creat.) 0.28 (0.16 – 0.46) 0.34 (0.19 – 0.60) 0.29 
Pb Urine (µg/L) 4.69 (2.43 – 8.14) 3.63 (2.04 – 8.16) 0.16 
 (µg/g creat.) 5.30 (3.40 – 7.10) 3.65 (2.54 – 6.09) 0.06 
 Blood (µg/dL) 5.08 (4.27 – 6.30) 6.66 (5.16 – 7.94) 0.001 
U Urine (µg/L) 0.021 (0.005 – 0.053) 0.038 (0.018 – 0.062) 0.08 
 (µg/g creat.) 0.024 (0.008 – 0.045) 0.041 (0.022 – 0.074) 0.06 
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Legend: Data are geometric means with 25th – 75th percentiles. 40 participants in each 

group, but two missing urines in controls, and two missing creatinines in preeclampsia; one 

missing blood in controls. 

 

Figure 1 Blood lead levels (µg/dL) in women with preeclampsia and control women.
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Legend: individual values of blood lead (Pb-B) in pregnant women without preeclampsia 

(control) and women with preeclampsia. The difference between control and preeclampsia is 

statistically significant (p<0.001, Mann-Whitney test). Dotted line at 5 µg/dL is the level that 

should not be exceeded in healthy women (Holland et al., 2016).  
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Discussion 

In women who gave birth in the university hospital in Lubumbashi, we found that those who 

had had a clinical diagnosis of preeclampsia had 31% higher blood Pb levels than well-

matched control women without past hypertension during their pregnancy.  In practice, 83% 

women with preeclampsia had a blood Pb level above 5 µg/dL, as compared to 44% control 

women.  

The latter high “background” value is in itself worrisome given the known adverse effects of 

Pb on the infant brain (Grandjean and Herz, 2015). High blood levels compared to those 

currently prevailing in the USA or Europe have been reported from low- and middle-income 

countries, including from sub-Saharan Africa. Thus, in a systematic review of nine studies, 

conducted in Nigeria, Kenya, South-Africa and DR Congo, Ngueta and Ndjaboue  (Ngueta 

and Ndjaboue, 2013) obtained a weighted mean blood lead level of 13 µg/dL among children 

below 6 years. In Nigeria, Ikechikwu et al. (Ikechukwu et al., 2012) and Obi et al (Obi et al., 

2014) reported average blood lead levels in maternal blood at delivery of 26.3 µg/dL and 6.2 

µg/dL, respectively; in contrast, maternal blood lead concentrations were much lower 

(geometric mean 1.32 µg/dL) in South-Africa (Röllin et al., 2017).  

We do not know the exact sources of Pb in the urban women of Lubumbashi. The intense 

and generally poorly regulated mining and smelting activities in the town have led to serious 

environmental pollution and we have documented high human exposure to various trace 

metals in people living close to mines or smelters in the area (Banza et al., 2009). Although 

Pb is not a major component of the ores that are mined in the area (Mees et al., 2013), the 

widespread use of smelter slags for roads and other surfaces may represent a substantial 

source of Pb.  

The other most likely sources of lead are, as elsewhere in Africa, dust contaminated by the 

past use of leaded gasoline or lead-containing paint, and other activities such as battery 

recycling (Nweke and Sanders III, 2009)(Gottesfeld et al., 2018). In an as yet unpublished 

study, we found that surface dust collected outdoors in front of 127 homes throughout 

Lubumbashi contained a median (25th – 75th percentile) of 73 (44-128) mg Pb/kg dust (95th 

percentile 367 mg/kg, maximum value 2,902 mg/kg); 36 samples (28%) exceeded the 

Canadian standard (120 µg/g) for surface soil for residential property use (CME, 2011). In 

that study, out of 29 samples of drinking water only two contained levels of Pb above the limit 

of quantification (0.24 µg/L), i.e. 1 and 7 µg/L.  

In addition, the widespread habit of eating clay during pregnancy (geophagy) may also 

contribute to the high blood levels of lead, as suggested by two other studies in DR Congo 

(Tuakuila et al., 2013)(Gundacker et al., 2017). This factor was not investigated in the 

present study. Canned food is unlikely to have contributed, because this type of food is rarely 

consumed in the area. 

Surprisingly, urinary Pb was not higher among preeclamptic women than control women. If 

anything, the reverse was true. We have no explanation for this finding that seems to 

contradict another study in DR Congo (Elongi Moyene et al., 2016); the latter study was done 

in Kinshasa (more than 1,500 km from Lubumbashi) and showed a 9-fold higher Pb 

concentration (in 24-hour urine collections) among women with preeclampsia (geometric 

mean 72 µg/L) than among healthy control women (8 µg/L). We also have no explanation 

why a strong correlation was found between creatinine-corrected urinary Pb and blood Pb 

among preeclamptic women, but not among controls.  

These apparent discrepancies may indicate that preeclampsia is accompanied by – or even 

causes – changes in the toxicokinetics of Pb, e.g. by enhancing the pregnancy-related 
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release of Pb from skeletal stores or by affecting the renal clearance of Pb. In other words, 

the consistent association between high blood Pb levels and preeclampsia (Poropat et al., 

2018) could be due either to preeclampsia causing high Pb concentrations in blood, or to Pb 

causing (or precipitating) preeclampsia. Although the latter mechanism is plausible, it would 

be interesting to conduct prospective studies of the incidence of preeclampsia in relation to 

markers of past and ongoing Pb exposure both before and during pregnancy. 

We also found that the concentrations of several other metals were higher in urine (but not in 

blood) of preeclamptic women. This was most pronounced (2- to 4-fold higher values) for tin, 

copper and cadmium and could be due to proteinuria with an increased excretion of protein-

bound metals. However, it is worth noting that an association has been reported between 

preeclampsia and placental levels of cadmium (Laine et al., 2015).  

In conclusion, in an area of high metal pollution we found higher blood Pb levels in women 

with preeclampsia thus adding to the available epidemiological evidence as published in a 

recent systematic review (Poropat et al., 2018).Moreover, our study indicates that, as in other 

urban areas in Africa, exposure to lead is unacceptably high among pregnant women in 

Lubumbashi. Preventive measures are urgently needed to protect mothers and children from 

the serious adverse effects of lead exposure. 
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