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Abstract:

Sniffing lead-containing substances  phenomenon  is  associated with possible brain damage and severe breathing

problems.  In  this  study,  a  total  of  120  sniffers  and  40  normal  children  as  control  were  randomly  selected  to 

investigate  the  effect  of  sniffing  lead-containing  substances  on  the  biochemical  parameters:  Lead  (mg/dl),

calcium (mg/dl), total protein (mg/dl), albumin (mg/dl), total bilirubin (mg/dl), direct bilirubin (mg/dl), indirect

bilirubin  (mg/dl),  AST  (U/L),  ALT  (U/L),  cholesterol  and  triglyceride.  Result  indicated  that  all  of  the  studied 

biochemical  parameters  were  not  significantly  affected  by  age  of  sniffers,  but  some  parameters  such  as  lead,

total bilirubin and indirect bilirubin were slightly increased with  the increase of  sniffers age. Accordingly, long-

term of sniffing lead-containing substances causes negative influence on children’s intelligence and behavioral

development.

Keywords:  biochemical,  sniffers, exposure, albumin, bilirubin, cholesterol, triglyceride.

Introduction

Previous studies insured that lead in the environment is gradually accumulates in the body and is regarded as 

one of the most harmful environmental toxins to toddlers (Ferguson  et al., 2011).  Kosnett (2006) reported that 

lead  poisoning  may  be  acute  (from  intense  exposure  of  short  duration)  or  chronic  (from  repeated  low-level 

exposure over a prolonged period), but the  chronic poisoning  is much more common.  It has been stated by Chen 

et  al.  (2005)  that  most  of  international  long-term  follow-up  investigation  of  the  effects  of  lead  exposure  on 

neurological dysfunction in children are persistent, especially lead exposure in 2-year-old children, on age that 

appears to be a critical period for a child’s later intelligence quotient and academic achievement.  Moreover, Hou 

et al.  (2013) reported that exposure to lead and lead  chemical compound occur through ingestion, inhalation and 

dermal contract. Long-term exposure to lead can cause nephropathy and colic-like abdominal pains. It may also 

cause weakness in finger, wrists or ankles. Lead exposure also may cause small increase  in blood pressure and 

anemia,  particularly  in  middle-aged  and  older people.  The  Agency  for  Toxic  Substance  and  Disease  Registry 

(ATSDR, 2007) stated that only a small amount of ingested or inhaled lead accumulated in bones and the rest 

excreted  by  an  adult  through  urine  and  feces  within  a  few  weeks  of  exposure,  however  only  32%  of  lead 

excreted  by  children.  Brady  (1992)  stated  that  the  existence  of  sniffing  phenomenon  which  associated  with 

aboriginal  people  is  a  wider  context  of  adolescent  mental  health  problem;  adolescent  risk-taking  and  a  wide 

spread volatile substance abuse amongst some sections of general population. Solvent users had higher rates of 

emotion symptoms (mostly depressive) and abundance of adverse life enters family dysfunction and high rates 

of relative who have attempted to suicide (Brady, 1992). The amount of lead in the blood and tissues, as well as 

the time course of exposure, determines toxicity (Hodge, 1992).  In Sudan, the  background of those substances 

abuse was young adolescents who  have  social problems  due to lack of  family support.  Therefore, the objective 

of this study is to investigate the relationship between age of homeless adolescent and their blood biochemical 

measurements that caused by  these  sniffing lead-containing substances.  Previous study conducted by Abdalla  et 

al.  (2017)  at  different  towns  in  Sudanese  cities  found  that  lead  concentration  level  in  exposed  children  was 

significantly  higher  at  each  of  Medani  Town  (0.0035  mg/dl),  Khartoum  City  (0.00313  mg/dl),  Atbara  Town 

registered  (0.00039  mg/dl),  Eldeweam  (0.00267  mg/dl)  and  Elobeid  Towns  (0.00250  mg/dl)  as  compared  to 

control.  Similarly,  Saeed  et  al.  (2017)  reported  that mean blood  lead  concentration  in occupationally  exposed 

workers in main Sudanese cities was found to  be 0.0322 mg /dl, whereas in control was 0.0124 mg/dl.  A recent 

studies conducted by Hamed  et al.  (2021a, 2021b) reported that addiction of sniffing lead containing substances 

increases some of the investigated blood biochemical measurements.  Therefore, the objective of this study is to 

investigate  the  relationship  between  body  weight  of  homeless  adolescent  and  their  blood  biochemical 

measurements that caused by sniffing lead-containing substances.

Materials and methods

Area of the study:

The study was carried out  in  Khartoum State/Sudan during 2013 to investigate  the effect of sniffing of petrol 

and  other  volatile  substances  on  biochemical  and  behavioral  status  of  adolescent  sniffers.  Three  rehabilitate 

centers  of  homeless  were  selected  namely  Tayba (south  of  Khartoum/for  boys,  Bashair  (Omdurman)  for girls 

Rashad (west of Khartoum) for both  young  boys and girls).
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Sample size: 

A total of 120 sniffers were selected from these three rehabilitate centers, 40 participants from each, in addition 

to 40 non-users as a control subjects.  Age of sniffers range between 6-18 years. Blood samples were then 

collected from the selected sniffers as well as the control to determine lead and calcium concentration, liver 

function (protein, albumin, bilirubin, AST and ALT) and lipid profile (cholesterol and triglyceride).  

Blood sample collection: 

A 5 ml of blood from peripheral vein of sniffers (boys and girls) were collected in heparinized container as 

anticoagulants in order to determine the biochemical parameters. For sample collection, disposable syringes, 

heparin tubes, cotton, and ethanol were used. 

Determination of lead in blood serum and plasma: 

The BC-5 Analysis was used for the determination of lead in blood serum and plasma. The blood sample was 

diluted in deionized water and the analysis was then performed against standards prepared in glycerol to 

approximate the viscosity characteristics of the diluted samples. Normal serum levels estimated as µg% (Pb 10 – 

20) or mg/dl (0.001- 0.002). For determination of serum lead, the sample was diluted1:5 with deionized water. 

The condition listed in the “Standard Conditions” section was used to determine the concentration of lead. Lead 

Standards were prepared by diluting the lead stock standard solution described in the Standard Conditions” for 

lead with 5% (v/v) glycerol solution were also used as a blank solution when determining lead concentration 

(Butrimovitz and Anal, 1977).  

Calcium determination: 

Calcium in serum or plasma was stable for 10 days at 2-8oC. Anticoagulants other than heparin should not be 

used. The calcium concentration in the sample was calculated using the method described by Cheesbrough 

(2006). 

Protein determination: 

Protein in the sample reacts with copper (II) ion in alkaline medium forming a colored complex that can be 

measured by spectrophotometer. Serum or heparinized plasma was collected by standard procedures. Stable for 

8 days at 2 – 8oC. Anticoagulants other than heparin should not be used. The protein concentration in the sample 

was calculated using the method described by Cannon et al. (1974). 

Albumin determination: 

The serum albumin concentration was determined using modified bromocresol green colorimetric method as 

described by Doumas et al. (1971). Measurement of albumin is based on its binding to the indicator dye 

bromocresol green (BCG) in pH 4.1 to form a blue – green colored complex. The intensity of the blue – green 

colorist directly proportional to the concentration of albumin in the sample. It is determined by monitoring the 

increase in absorbance at 623 nm.  

Albumin + BCG     -------- (pH 4.1) ------→    Albumin – BCG complex 

Total bilirubin and direct bilirubin determination: 

The serum was collected by standard procedures. Bilirubin in serum was stable for 2 days at 2-8 C and protected 

from light. The bilirubin concentration in the sample was calculated as described by Cheesbrough (2006). 

Determination of serum AST 

Serum AST activity was determined according to the method described by Reitman and Frankel (1957). The 

AST catalyzed the transfer of amino group from aspartate to alpha oxoglutarate according to the following 

reaction:  

                    Alpha-oxoglutarate + L- aspartate --------AST----→ L- glutamate + Oxaloacetate  

The oxaloacetate formed reacts with 2, 4- dinitrophenyl hydrazine (DNPH) to form hydrazone of keto acid 

present which subsequently react with sodium hydroxide to form a color. The intensity of this color is 

proportional to AST concentration. Absorbance of the sample and standard were read against reagent blank at 

505 nm. The volume of enzyme activity was obtained from the table provided with kit.  

Determination of ALT: 

Serum ALT was determined according to the method described by Reitman and Frankel (1957). ALT was 

measured by monitoring the concentration of pyruvate hydrozone formed with 2, 4-dinitrophenyl hydrazine 

group from L-alanine to alpha-oxoglutarate according to the following reaction:  

                          Alpha-oxoglutarate + L-alanine ------ALT----→  L-glutamate + Pyruvate 

Absorbance of the sample and standard were read against reagent blank at 505 nm. The activity of enzyme was 

determined from the absorbance table U/L. 

Cholesterol determination: 

Very low density lipoproteins (VLDL) and low density lipoproteins (LDL) in the sample were precipitated with 

phosphotungeslate and magnesium ions. The supernatant contains high density lipoproteins (HDL). The HDL 

cholesterol was then spectrophotometrically measured according to Cheesbrough (2006). 
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Triglycerides determination: 

Triglycerides in the sample originates by means of the coupled reactions described below, a colored complex 

that can be measured by spectrophotometer.The triglycerides concentration in the sample was calculated using 

the method described by Cheesbrough (2006). 

Result 

Effect of body weight (kg) of exposures on electrolytes: 

1. Lead level: 

Lead concentration of exposures was not significantly affected by their body weight, but it the lowest lead level 

was 0.0018 mg/dl was found to be in the range of (51 - 60 kg of body weight) and highest lead level of 0.0022 

mg/dl was found in exposures of body weight ranged between 31 and 40 and 41 and 50 kg. (Table 1 and figure 

1). 

2. Calcium level: 

This parameter was not significantly affected by weight of exposures, but exposures of 41 - 50 kg body weight 

obtained the highest value (9.38 mg/dl) of calcium level, while the range of both20-30 and 51 - 60 kg of body 

weight reported the lowest values (9.29 and 9.28) of calcium concentration, respectively (Table 1 and figure 2). 

Effect of body weight of exposures on liver function: 

1. Protein levels: 

The highest value of protein was 6.86 mg/dl which found to be in the range of 41 - 50 kg of body weight, 

whereas the lowest value (6.73) was found to be in the range of 20 - 30 kg (Table 1 and figure 2). 

2. Albumin level: 

 Table 1 and figure 2 show that albumin level of exposed sniffers was not significantly affected by their body 

weight, but the highest value (4.11mg/dl) was reported by 51 – 60 body weight, whereas the lowest values (4.07 

mg/dl) was obtained by 31– 40 kg body weight. 

3. Total bilirubin level: 

No significant differences have been shown between ranges of exposure body weight for total bilirubin level, 

but the result indicated that this parameter was slightly increased with increasing in exposures body weight 

(Table 1 and figure 3). 

Table (1): Effect of body weight (kg) of sniffers  on level of some blood biochemical characters. 

body 

weight 

Electrolytes Liver functions Lipids 

Lead 
Calci

um 

T. 

protei

n 

Albu

min 

T. 

bilirubi

n 

D. 

biliru

bin 

In d. 

biliru

bin 

AST ALT 
Cholester

ol 

Triglyc

eride 

20 - 30 0.0021a 9.29 a 6.73 a 4.08 a 0.67 a 0.31 a 6.42 a 19.33 a 14.29 a 161.49 a 40.92 a 

31 - 40 0.0022a 9.33 a 6.80 a 4.07 a 0.68 a 0.33 a 6.46 a 20.97 a 14.13 a 161.28 a 39.62 a 

41 - 50 0.0022 a 9.38 a 6.86 a 4.10 a 0.73 a 0.33 a 6.41 a 21.55 a 14.32 a 166.41 a 41.82 a 

51 - 60 0.0018 a 9.28 a 6.80 a 4.11 a 0.71 a 0.35 a 6.46 a 21.70 a 14.30 a 164.00 a 41.90 a 

d.f. 115 115 115 115 115 115 115 115 115 115 115 

SE± 0.001 0.12 0.13 0.10 0.05 0.04 0.14 1.90 0.26 6.06 1.58 

C.V.(

%) 
150.59 3.03 4.53 5.48 17.75 29.65 4.79 21.19 4.18 8.52 14.28 

Means with the same letter in the same Columns are not significantly different at 0.05 level of probability according to DNMRT. 
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Fig.(13): Effect of body weight on lead level

                of sniffers.
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Fig. (1): Effect of body weight on lead level of sniffers. 
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Fig.(14):Effect of body weight on level of Ca++ and

            liver function parameters of sniffers.
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Fig. (2): Effect of body weight on calcium level of sniffers. 

4. Direct bilirubin level: 

This parameter was also slightly increased with increasing in exposures body weight, with higher value (0.35) 

reported in 51 - 60 kg of body weight and lowest value (0.31) obtained by 20 - 30 kg of body weight with an 

increasing between them estimated by 12.9%. The difference between the ranges of body weight for direct 

bilirubin level statistically was not significantly different (Table 7 and figure 3). 

5. Indirect bilirubin level: 

Exposures body weight did not significantly affect their indirect bilirubin level, but both 31-40 and 31-40 and 

51-60 kg of body weight reported the lowest value (6.42 and 6.41, respectively) (Table 1and figure 2). 

6. AST level: 

No significant differences were shown among the range of exposures body weight for the level of AST, but the 

range 51-60 kg of body weight reported the highest value of this parameter (21.70 U/L), followed by 41-50 

(21.55 U/L), 31-40 (20.97 U/L) and finally 20-30 kg (19.33 U/L), (Table 1 and figure 2).  

7. ALT level: 

This parameter was not significantly affected by exposures body weight, with higher value (14.32 U/L) reported 

in 41-50 kg of body weight and lower value (14.13 U/L) obtained by 31-40 kg of body weight (Table 1 and 

figure 2). 

Effect of body weight (kg) of exposures on lipid profile: 

1. Cholesterol level: 

The highest value of cholesterol (166.4 U/L) was obtained by exposures of 41-40 kg of body weight, while the 

lower value (161.28 U/L) was recorded by 31 – 40 kg but the difference between them was not significant (table 

1 and figure 4). 
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2. Triglyceride level: 

Triglyceride level of exposures was not significantly affected by their body weight, but it was slightly increased 

with increasing in weight of exposures (Table 1 and figure 4). 

Relationship between exposures body weight and biochemical measurements: 

Table 2 indicates that there was positive and significant relationship between exposure body weight and level of 

total bilirubin, AST and cholesterol, while the relationship with total protein was significant, but it was negative. 

On the other hand, the relationship between body weight of exposures and lead, Ca++, albumin, direct bilirubin, 

indirect bilirubin, ALT and triglyceride was positive and insignificant. 

 

Fig. (15):Effect of body weight on sniffers total and

                direct bilirubin levels.
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Figure (3): Effect of body weight on sniffer total and direct bilirubin levels 

IJRDO - Journal of Agriculture and Research ISSN: 2455-7668

Volume-7 | Issue-11 | Nov, 2021 6



 

Fig. (16):Effect of body wt on cholesterol

                 and triglyceride levels.
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Figure (4): Effect of body weight on cholesterol and triglyceride levels 

Table (2): Relationship (regression) between body weight and blood characters of sniffers. 

variables B-value d.f SE± t-value sig. 

Lead 1.200 118 0.0001 1.21 ns 

Calcium - 0.004 118 0.003 1.45 ns 

T.protein 0.007 118 0.003 2.37 * 

Albumin 0.002 118 0.002 0.68 ns 

T.bilirubin 0.003 118 0.001 2.06 * 

D.bilirubin 0.002 118 0.001 1.72 ns 

In d.bilirubin 0.003 118 0.003 1.04 ns 

AST 0.096 118 0.044 2.15 * 

ALT 0.004 118 0.006 0.60 ns 

Cholesterol 0.307 118 0.140 2.19 * 

triglyceride 0.036 118 0.059 0.61 ns 

ns: Not significant. *: Significant at 0.05 level of probability. 

Discussion The findings of the present study indicated that for lead and calcium levels there is no significant 

difference between body weight of lead exposure and their biological parameters, although Needleman et al. 

(1990), Bellinger et al. (1992) and Rogan et al. (2001) mentioned that children biological susceptibility to lead 

is greater than that of adults, because the developing human brain undergoes rapid growth, development and 

differentiation, and lead can interfere with these extraordinary complex and delicate process. In the present 

study, other factors, e.g., age of sniffers, duration of sniffers and the nature of the sniffed substances may be 

more affected than body weight. In the present study, the results showed that the heaviest weight (51 – 60 kg) 

obtained slightly higher mean of AST (21.7), cholesterol (164.00 mg/dl) and triglyceride (41.90 mg/dl) as 

compared to the lowest weight (20 – 30 kg) who obtained 19.33, 161.49 and 40.92, respectively. Similar results 

were also reported by Brady (1992), Brady and Torzillo (1995), Burns (1996) and Mosey (1997). Polyaniski 

(1986) stated that symptoms stand to appear in children generally at around 60 mg/dl, whereas in adults can 

occur at level above 40 mg/dl, but are more likely to occur only above 50 – 60 mg/dl. Meanwhile, Cava and Hor 

(2011) stated that symptoms may be different in adults and children, and the main symptoms in adults are 

headache, abdominal pain, memory loss, kidney failure, male reproductive problems and weakness, pain, or 
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tingling in the extremities. Polyaniski (1986) also mentioned that signs that occur in children at blood lead levels 

exceed 100 mg/dl include encephalopathy, such as bizarre behavior, discoordination and apathy. It is more 

common for lead poisoning to build up slowly over time. This occurs from repeated exposure to small amount 

of lead. In this case, there may not be any obvious symptoms. Overtime, even low lead levels exposure can harm 

a child’s mental development and the death problems get worse as the level of lead in the blood gets higher 

(Polyaniski, 1986). 

Davis and suendsgaard (1987) and Mushak et al., (1989) concluded that lower levels of lead in children (10 

mg/dl) cause adverse effects on the central nervous system, kidney, hematopoietic system, decrease intelligence 

and impaired neurobehavioral development, whereas severe lead exposure (blood lead levels > or =  to 

380mg/dl) can cause coma, convulsions and even death. Low lead levels also has many other effects such as 

decreasing stature or growth (Bornschein et al., 1986 and Shulka et al., 1989),  decreasing hearing acuity 

(Schwartz and Otto, 1987) and decreasing ability to maintain a steady posture (Bhttacharya et al., 1988). 

Mohammed Ali (2007) observed that lead levels in Khartoum State exposure was significantly increased with 

age of exposures (20 – 46 years), while Ali (2007) showed slight reduction in Pb levels with age (11 – 16 years) 

of 60 sniffers in the same stated. Similarly, it has been recently reported by Hamed et al. (2021b) that all of the 

biochemical parameters that studied were found to be not significantly affected by age of sniffers, but some 

parameters such as lead, total bilirubin and indirect bilirubin were slightly increased with increasing sniffers age. 

Conclusion and recommendations 

The study concluded that there is no significant difference between body weight of lead exposure and their 

biological parameters changes, in spite of the fact that children biological susceptibility to lead is greater than 

that of adults. Generally, slight increase in biological parameters under the study may be correlated to the 

increase of body weight of lead exposure. Creating lead-safe community occurs by elimination of products with 

dangerous lead levels and timely mechanisms to share information about lead sources, including toxic 

properties, across government agencies. Meanwhile, the author of this work believe that more studies should be 

carried out in the field of sniffing phenomenon and its impact on socio-economic and  health status associated 

with sniffers and their surrounding environment. 
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