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Abstract 
Levels of bromine (Br) in groundwater that exceeded guideline concentrations of 0.01 mg/L prompted 

the investigation of the effect Br and iodine (I) in drinking water on the production parameters of broilers. 
The research was done over a 42-day growth period, post-hatch, in which the trial design was: Control: 0 mg 
Br/L and 0 mg I/L; 1 mg Br/L and 0 mg I/L; 3 mg Br/L and 0 mg I/L; 0 mg Br/L and 0.7 mg I/L; 1 mg Br/L 
and 0.7 mg I/L; 3 mg Br/L and 0.7 mg I/L, by 3 replicates with 30 birds/replicate, using mixed Ross broiler 
chickens. Br and I were administered as NaBr and KI. Mortalities, water and feed intakes were recorded 
daily and live weight once a week. Average daily gains and feed conversion rations were calculated. 
Different treatments of Br, irrespective of I, decreased water and feed intake significantly. The interaction of 
Br and I had no significant effect on intake of water or feed. I had an effective ameliorating effect on Br. 
Bromine administered at 1 and 3 mg Br/L or at ingestion rates of 1.59 and 4.44 mg Br/day affected 
production parameters. 
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Introduction 

The production efficiencies of livestock are determined by the interactions between their genetic 
potential and the effects of external factors on the physiology of the animals. The efficiency of broiler 
production relies on the birds currently growing at an average rate of 55.6 g/day with a feed conversion ratios 
(FCR, g feed/g gain) of 0.87 on Day 7; 1.13 on Day 14; 1.29 on Day 21; 1.44 on Day 28 and 1.60 on Day 36 
to attain a target live mass of 2005 g by 36 days of age (Aviagen, 2007). During this period of vigorous 
growth the birds have a high rate of water intake that in the first week may be equivalent to 73.5% of live 
weight (Casey et al., 1998). Drinking water is therefore an important route for supplying additional nutrients 
and pharmaceutical treatments. On the other hand, water may be a conduit for potential hazardous chemicals 
of concern (PHCC). The PHCC become hazardous under circumstances that may be specific to the livestock 
type and physiological status of the animal, the production environment, ingestion rates of water quality 
constituents (WQC) and the agonistic or antagonistic effects of other WQC in the drinking water (Meyer  
et al., 1997; Coetzee et al., 2000a; b; Meyer & Casey, 2004; Mamabolo et al., 2009). 

Various literature and water-source surveys in South Africa analysed by Casey et al. (1998; 2001) 
indicated that exposure time, production systems, ingestion rates and species tolerance are important factors 
that need to be taken into account when formulating water quality guidelines for livestock. Verification of 
the validity of the guidelines in use is required in order to accurately estimate the fitness for use of a water 
source for livestock production (Meyer et al., 1997). Assessment by Casey & Meyer (2001) of a significant 
number of water samples over a number of years revealed that high concentrations of bromine (Br) occur 
naturally within groundwater in South Africa, hence a PHCC. The highest quantities of Br present in the 
water-sources surveyed were 30 - 132 mg Br/L (Meyer et al., 1997; Coetzee et al., 2000a; b; Meyer  
& Casey, 2004; Mamabolo et al., 2009), a concentration 30 - 130 times higher than the 1 mg Br/L considered 
by Kempster et al. (1980) to be acceptable. The relevant safety guideline for Br recommended by Casey & 
Meyer (2001) is 0.01 mg/L. The Safe Drinking Water Committee (1988) reported chronic exposure levels of 
Br as 2.3 mg/L. This calculation was based on the Suggested No-Adverse-Response-Level (SNARL) where 
a 70 kg human consuming 2 L of water per day was included. Russian investigators, El'piner et al. (1972), 
recommended a maximum bromide concentration of 0.2 mg/L in drinking water. 
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The toxicity of Br as a PHCC depends upon the susceptibility of the species, the amount and time 
period over which Br is ingested and the solubility of the form of the Br as found in the water source (Casey 
et al., 1998; NRC, 2005). Baker et al. (2003) studied the iodine (I) x Br interaction and came to three 
possible mechanisms by which Br decreases the I concentration. The three likely possibilities are that Br: 1) 
reduces intestinal absorption of I; 2) enhances urinary excretion of I or; 3) reduces I uptake by the thyroid 
gland. I concentration did decrease with an increase of Br inclusion levels, but was insignificant within the 
thyroid gland. Dietary bromide, on the other hand, was reported to reduce I toxicity in chicks (Baker et al., 
2003; Baker, 2004; NRC, 2005). 

The effect of WQCs on the production parameters of broilers was shown by Coetzee et al. (2000a; b) 
and Casey et al. (2001). Various manifestations influencing production were reported to occur following the 
ingestion of Br over different time periods. An elevated dietary intake of bromide by rat dams in lactation 
was found to cause a very significant decrease in weight gain in the suckling offspring (Pavelka et al., 2002). 
More trials revealed that only half of these sucklings survived and were in a very poor condition. This was 
complemented by stagnation in the extent of the consumption of diet and water as well as a drop in milk 
production rate during the nursing period (Pavelka, 2003). This suggests that bromide ingested by the dam 
was transported via the milk to the sucklings (Pavelka et al., 2002). 

According to Anke et al. (1989) Br may be an essential element. In three long-term experiments with 
growing, pregnant and lactating goats, poor Br nutrition lead to significantly reduced growth, haemoglobin 
concentration, haematocrit quantities, conception, milk and fat yield, lower longevity of does and kids and an 
increased abortion rate. In contrary, Loeber et al. (1983) recorded a suppression of growth hormone release 
in male rats receiving 19.2 g sodium bromide (NaBr)/kg diet, after four weeks of dietary administration. 
Velicky et al. (2004) recorded a decrease in body weight in rats fed a semi-synthetic purified diet containing 
a high concentration of Br. Retarded growth was recorded in dogs and rabbits fed NaBr (Jolles, 1966). 
Doberenz et al. (1965) found 10 000 mg/kg Br including 1000 mg/kg F fed to chicks resulted in a decrease in 
body weight. 

Most of the work conducted previously on the effect of Br was done on rats and humans, and 
administrated via the diet where high levels of Br were used. In this trial, treatments closer to the natural Br 
content of South African ground water sources were used. The objective of this study was to determine the 
effect of Br and I in drinking water on production parameters of broilers. 
 
Materials and Methods 

Procedures for this trial were approved by the University of Pretoria Animal Use and Care Committee 
(Reference EC080805-032). 

The trial design was five treatments and one control x three replicates x 30 Ross broilers of mixed sex 
per replicate. Treatments administered through the drinking water from Days 1 to 42 were: 

T0 (Control)    = 0 mg Br/L and 0 mg I/L; 
T1           = 1 mg Br/L and 0 mg I/L; 
T2           = 3 mg Br/L and 0 mg I/L; 
T3           = 0 mg Br/L and 0.7 mg I/L; 
T4           = 1 mg Br/L and 0.7 mg I/L; 
T5           = 3 mg Br/L and 0.7 mg I/L. 
 
The broilers were reared from Day 1 on a litter floor in an environmentally controlled house. Chicks 

received New Castle disease and bronchitis vaccines at the hatchery and received vaccinations for Gumburo 
disease on day 12 post-hatching. Vaccines were administered in the form of eye drops and purchased from a 
reputable animal and veterinary pharmaceutical supplier. Water was delivered from graduated cylinders via 
bell drinkers for accurate measuring of water intake. 

The diets were fed ad libitum throughout the trial and consisted of a starter, finisher and post-finisher 
ration, formulated for a 42-day commercial broiler programme. Each of the treatment groups received the 
same diet at a specific stage of the study. The trace element premix contributed 0.001 g/kg iodine to the diets 
and 0.0 g/kg Br. Table 1 provides the nutrient composition of the starter, finisher and post-finisher diets as 
provided by the manufacturer. 
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Table 1 Nutrient composition of the commercial broiler starter, finisher and post-finisher diets (as fed 
basis) 

 

Nutrient composition (g/kg) 
Diets 

Starter Finisher Post-finisher 

  
Crude protein 220 180 170 

Moisture 120 120 120 

Fat 25 25 25 

Crude fibre 50 70 70 

Calcium 12 12 12 

Phosphorus 7 5 5 

Total lysine 12 9 8 

ME, MJ/kg DM 11.2 11.4 11.6 

 
 

Water from the Pretoria municipality was used. Chemical analyses of water samples collected 
throughout the trial were conducted once a week to determine the Br and I levels in the drinking water as 
well as for quality control purposes. Inductively Coupled Plasma Atomic Emission Spectrometry (ICP-AES) 
techniques were performed by the ARC-ISCW in Pretoria as well as full quantitative and semi-quantitative 
procedures (Looke et al., 1998) to measure the mineral element composition of the water. The ARC-ISCW 
prepared the sampling bottles including a protocol for sampling procedures as described in: “Water analyses 
methods as described by Looke, Philpott and van Vliet” (Looke et al., 1998). Separate sample bottles were 
used for macro- and trace elements during these procedures. The final concentrations of the chemical 
mixture were confirmed by testing the samples at the point of use. The water used in the study contained 
final concentrations of 1 mg Br/L or 3 mg Br/L as sodium bromide (NaBr), as well as 0.7 mg I/L as 
potassium iodide (KI). 

The reason for selecting 1 and 3 mg Br/L in the investigation was because 1 mg/L is the recommended 
maximum limit for Br, while Kempster et al. (1980) initially found 3 mg/L to be the maximum permissible 
level (maximum limit for insignificant risk) and 6 mg/L as crisis limit (maximum limit for low risk), as a 
general guideline for human consumption. According to Kempster et al. (1980) the recommended limit 
(maximum limit for no risk) was then set at 1 mg Br/L due to the fact that the presence of 3 mg Br/L could 
lead to bromate formation. These quality criteria were set for human drinking water and not for livestock, but 
as stated by McKee & Wolf (1963), water safe for human consumption may be used safely by livestock. The 
physiology, metabolism and tolerance of animal species and humans differ, which indicates the importance 
of this trial since no experimental data on Br administered via drinking water is currently available, except 
for studies done on fish (McKee & Wolf, 1963) and rats. Through the administration of 1 mg Br/L, the 
recommended level of Br can be verified or it can indicate, by revealing no sub-clinical signs of toxicity, that 
this recommended limit is too strict. 

The inclusion of I is necessary to indicate a possible alleviator effect for these high Br water levels. To 
determine whether I can possibly alleviate the effect of Br, 0.7 mg I/L was selected because this level falls 
within the Target Water Quality Range for I which is between 0 and 1 mg/L. Water intake, feed intake, body 
weight and mortalities were recorded over a 42-day period from Day 1 post-hatching. 

The SAS (Statistical Analyses System®) software system was used for the statistical analysis. The 
GLM procedure was applied to test for differences and interactions between treatments and the level of 
significance was determined by means of the Fisher’s test at a P <0.05. 
 
Results 

Water samples were collected and analysed throughout the trial. The municipal water source contained 
0.096 mg Br/L and 0.032 mg I/L. This caused that the treatments of 0 mg/L of either Br or I were not truly 0 
mg/L, but referred to treatments in which 0 mg/L of either Br or I was added to the water. No corrections 
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were made for the concentrations Br and I in the municipal water when NaBr and KI were added to the 
treatments, with the result that true ingested concentrations of Br were 0.096, 1.096 and 3.096 mg Br/L and 
for I 0.032 and 0.732 mg/L. The analyses were done by treatment and not by ingested amounts of Br and I. 
The amounts of Br and I ingested (mg/bird/day) via the water are shown in Table 2. 
 
 

Table 2 Average bromine (Br) and iodine (I) intakes (mg/bird/day) of broilers over a 42-day period 
 

Treatment Total Br intake  Total I intake  
   

Control 0.096 0.032 

T1 1.591 0.030 

T2 4.442 0.029 

T3 0.093 1.114 

T4 1.567 1.064 

T5 4.618 1.087 
   

 
 

The different treatments of Br, irrespective of I, caused a significant decrease in water (P = 0.023) and 
feed (P = 0.004) intakes. The different levels of I, irrespective of Br, had no significant effect on the intake of 
water (P = 0.805) or feed (P = 0.936). The interaction of Br and I had no effect on water (P = 0.093) or feed 
(P = 0.9593) intakes, indicating the ameliorative effect of I on Br (Tables 3 and 5). Tables 3 and 5 indicate 
that the Br treated groups consumed significantly less water and feed than the control group. The addition of 
I to the Br treatments resulted in the differences in water and feed consumption being non-significant. 

Table 4 illustrates that from Week 3 onwards group T2 consumed significantly less water than the 
control group. Overall, at Week 6 Br showed a significant influence on cumulative water intake (P = 0.041), 
since the Br treatment groups (T1 and T2) consumed significantly less water (P = 0.010) than the control 
group. The overall trend throughout the six weeks was that the control group had the highest water intake 
and T2 (3 mg Br/L) the lowest. Group T5 had a higher water consumption than T2, but did not differ 
significantly from the control. T4 had higher water intakes than T1, indicating the ameliorative effect of I on 
water intake.  

Table 6 shows that from Week 3 onwards, T1 consumed significantly less feed than the control group. 
Iodine alleviated this effect since T3 did not differ significantly from the control group. At Week 6 the 
overall effect of Br and I on cumulative feed intake was significant (P = 0.005), and both Br (P = 0.004) 
 
 
Table 3 Average water intake (mL/bird/day) of broilers (means and SD) over the production period with the 
different bromine (Br) and iodine (I) inclusion levels 
 

Bromine levels 
Iodine levels 

0 mg/L 0.7 mg/L 
   

0 mg/L 267.81a (15.93) 255.01a (8.10) 

1 mg/L 250.22a (2.74) 250.61a (7.23) 

3 mg/L 241.92a (2.05) 251.51a (5.44) 
   

ab Row means for different I levels within Br levels differ significantly (P <0.05) according to the Fischer’s Test. 
12 Column means for different Br levels within I levels differ significantly (P <0.05) according to the Fischer’s Test. 
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Table 4 Average cumulative water intake (mL/bird/day) of broilers (means and SD) over the 6-week 
production period with the different bromine (Br) and iodine (I) inclusion levels 
 

Week 
Treatments 

Mean P-value 
Control T1 T2 T3 T4 T5 

         

1 
507.8a 
(34.17) 

428.5a 
(69.68) 

480.1a 
(35.06) 

464.6a 
(71.97) 

467.0a 
(17.17) 

474.3a 
(72.34) 

470.37 
(45.39) 

0.2034 

2 
1542.9 ab 
(123.03) 

1409.4b 
(104.25) 

1464.2 ab 
(33.03) 

1559.0a 
(54.83) 

1535.6ab 
(112.07) 

1485.7 ab 
(106.35) 

1499.47 
(81.45) 

0.1634 

3 
3408.0 ab 
(200.37) 

3205.9 ac 
(165.31) 

3140.4c 
(30.28) 

3477.9b 
(23.31) 

3255.4 abc 
(55.27) 

3291.3 abc 
(110.17) 

3296.48 
(123.18) 

0.1009 

4 
5706.5a 
(389.05) 

5432.5 ab 
(208.37) 

5244.8b 
(82.69) 

5761.9a 
(90.86) 

5462.8 ab 
(179.50) 

5537.8 ab 
(175.04) 

5524.37 
(228.04) 

0.2540 

5 
8196.1 ab 
(606.31) 

7667.7 ac 
(75.16) 

7465.9c 
(64.36) 

8264.2b 
(139.99) 

7754.2abc 
(314.90) 

7824.7abc 
(238.89) 

7861.65 
(291.26) 

0.0635 

6 
11245.7a 
(669.21) 

10509.6b 
(114.92) 

10161.5 c 
(86.05) 

10827.4ab 
(342.33) 

10347.2 b 
(316.60) 

10563.5bc 
(228.38) 

10609.12 
(331.26) 

0.0410 

         
abc Row means with different superscripts within weeks differ significantly (P <0.05) according to the Fischer's Test. 
 
 
Table 5 Average feed intake (mg/bird/day) of broilers (means and SD) over the production period with the 
different bromine (Br) and iodine (I) inclusion levels 
 

Bromine levels 
Iodine levels 

0 mg/L 0.7 mg/L 
   

0 mg/L 120.31a (2.73) 117.21b (0.93) 

1 mg/L 116.22a (0.58) 113.61b (2.29) 

3 mg/L 117.82a (0.46) 114.81b (1.07) 
   

ab Row means for different I levels within Br levels differ significantly (P <0.05) according to the Fischer’s Test. 
12 Column means for different Br levels within I levels differ significantly (P <0.05) according to the Fischer’s Test. 
 
 
Table 6 Average cumulative feed intake (g/bird) of broilers (means and SD) over the 6-week production 
period with the different bromine (Br) and iodine (I) inclusion levels 
 

Week 
Treatments 

Mean P-value 
Control T1 T2 T3 T4 T5 

         

1 
205.5a 
(5.21) 

209.5a 
(19.53) 

224.9a 
(25.57) 

206.9a 
(7.00) 

216.0a 
(11.45) 

208.0a 
(8.97) 

211.77 
(14.48) 

0.5213 

2 
583.7ab 
(3.53) 

561.2b 
(13.09) 

579.0ab 
(26.17) 

576.8ab 
(14.03) 

583.4ab 
(11.71) 

586.4a 
(11.78) 

578.42 
(13.08) 

0.1819 

3 
1304.9 ab 

(8.62) 
1270.4c 
(18.40) 

1281.0ac 
(33.42) 

1292.4ac 
(6.36) 

1303.9ab 
(8.20) 

1328.0b 
(11.88) 

1296.77 
(18.11) 

0.0679 

4 
2367.2a 
(10.15) 

2310.9b 
(26.60) 

2311.4bc 
(40.51) 

2336.4abc 
(27.97) 

2357.1ac 
(12.87) 

2365.3a 
(9.44) 

2341.36 
(25.22) 

0.1026 

5 
3626.2a 
(82.19) 

3494.0b 
(12.28) 

3482.3b 
(104.73) 

3494.9b 
(56.10) 

3568.1 ab 
(18.78) 

3553.6 ab 
(12.39) 

3536.50 
(60.62) 

0.1402 

6 
5052.8b 
(114.71) 

4881.8a 
(24.63) 

4770.7c 
(96.08) 

4821.7a 
(44.97) 

4947.5bc 
(19.23) 

4921.7ac 
(38.85) 

4899.39 
(61.51) 

0.0054 

         
abc Row means with different superscripts within weeks differ significantly (P <0.05) according to the Fischer's Test. 
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and I (P = 0.002) showed significant effects. The greater significance at Week 6 than at any other week 
(Tables 4 and 6) could suggest the 42-day growth period was too short and that the effect of Br would 
become more prominent with a longer period of exposure. 

The five treatments did not have an overall effect on average daily gain (ADG) (P = 0.416). The 
different levels of I (P = 0.431) and Br (P = 0.306) irrespective of the other element or factor also had no 
significant influence on ADG, neither did the interaction between Br and I (P = 0.638) influence ADG (Table 
7). There was a significant overall effect on ADG (P = 0.0003) only at Week 1, where Br (P = 0.0006) and I 
(P = 0.0003) individually as well as their interaction (P = 0.0026) had significant influences, but this was not 
recorded for any of the other weeks. This too is an indication that a longer exposure period is required to 
quantify the effect of Br on ADG (Table 8). 
 
 
Table 7 Average daily gain (g/bird/day) of broilers (means and SD) over the production period with the 
different bromine (Br) and iodine (I) inclusion levels 
 

Bromine levels 
Iodine levels 

0 mg/L 0.7 mg/L 
   

0 mg/L 72.11a (2.17) 68.91a (3.10) 

1 mg/L 72.51a (2.61) 72.71a (6.50) 

3 mg/L 70.11a (1.04) 69.41a (1.91) 
   

ab Row means for different I levels within Br levels differ significantly (P <0.05) according to the Fischer’s Test. 
12 Column means for different Br levels within I levels differ significantly (P <0.05) according to the Fischer’s Test. 
 
 
Table 8 Average daily gain (g/bird/week) of broilers (means and SD) over the 6-week production period 
with the different bromine (Br) and iodine (I) inclusion levels 
 

Week 
Treatments 

Mean P-value 
Control T1 T2 T3 T4 T5 

         

1 
21.2a 
(0.57) 

20.3b 
(0.12) 

21.0a 
(0.36) 

21.01a 
(0.53) 

18.9c 
(0.34) 

21.3a 
(0.41) 

20.62 
(0.38) 

0.0003 

2 
42.3a 
(0.58) 

41.7a 
(1.20) 

42.3a 
(1.71) 

42.0a 
(0.91) 

42.5a 
(1.45) 

42.8a 
(0.56) 

42.26 
(1.06) 

0.5797 

3 
70.4ab 
(3.23) 

70.9ab 
(2.91) 

67.7b 
(1.61) 

69.8ab 
(1.93) 

68.6ab 
(1.03) 

71.9a 
(1.44) 

69.9  
(2.11) 

0.2675 

4 
96.6a 
(2.19) 

95.7a 
(4.96) 

93.1a 
(1.02) 

92.4a 
(2.59) 

92.6a 
(3.55) 

91.9a 
(3.71) 

93.7  
(3.49) 

0.6507 

5 
91.0a 

(12.01) 
87.4ab 
(3.38) 

78.0b 
(4.19) 

86.4ab 
(1.60) 

84.8ab 
(6.26) 

81.9ab 
(7.51) 

84.93  
(6.73) 

0.3621 

6 
111.0ab 
(4.40) 

120.6ab 
(10.26) 

135.2b 
(9.29) 

104.8ab 
(14.96) 

111.0ab 
(1.39) 

103.6a 
(21.47) 

114.39 
(16.70) 

0.2390 

         
abc Row means with different superscripts within weeks differ significantly (P <0.05) according to the Fischer's Test. 

 
 

There were no significant differences within the weeks for FCR, but Br (P = 0.041) irrespective of I 
and any other factors did have a significant influence on FCR at Week 6, again indicating that a longer 
exposure period might have indicated an adverse effect of high Br concentrations on the feed conversion of 
broilers. It is apparent from Table 9 that at Week 1 the control and T3 had the most efficient FCRs and that 
T2 had the most uneconomical FCR, but they did not differ significantly from each other or any of the other 
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treatments. Then at Week 6 the most efficient FCR was reported as T2 with the most significant 
uneconomical treatments identified as T4 and T5.  
 
 
Table 9 Average feed conversion ratios (FCR, g feed/g gain) (means and SD) of broilers over the 6-week 
production period with the different bromine (Br) and iodine (I) inclusion levels 
 

Week 
Treatments 

Mean P-value 
Control T1 T2 T3 T4 T5 

         

1 
1.06a 
(0.02) 

1.12a 
(0.10) 

1.17a 
(0.15) 

1.07a 
(0.05) 

1.21a 
(0.08) 

1.07a 
(0.06) 

1.12 
(0.08) 

0.3035 

2 
1.19a  
(0.01) 

1.19a 
(0.03) 

1.20a 
(0.02) 

1.18a 
(0.02) 

1.19a 
(0.02) 

1.19a 
(0.03) 

1.19 
(0.02) 

0.4977 

3 
1.38a 
(0.09) 

1.31b 
(0.02) 

1.34ab 
(0.01) 

1.32ab 
(0.01) 

1.34ab 
(0.02) 

1.33ab 
(0.02) 

1.34 
(0.04) 

0.3911 

4 
1.43ab 
(0.01) 

1.41a 
(0.03) 

1.44ab 
(0.02) 

1.44ab 
(0.01) 

1.45b 
(0.01) 

1.44ab 
(0.03) 

1.44 
(0.02) 

0.4023 

5 
1.58ab 
(0.03) 

1.55a 
(0.05) 

1.62b 
(0.02) 

1.61ab 
(0.03) 

1.57b 
(0.01) 

1.60ab 
(0.02) 

1.59 
(0.03) 

0.2688 

6 
1.64ab 
(0.03) 

1.58ab 
(0.05) 

1.54b 
(0.11) 

1.63ab 
(0.05) 

1.65a 
(0.02) 

1.68a 
(0.09) 

1.62 
(0.06) 

0.1727 

         
ab Row means with different superscripts within weeks differ significantly (P <0.05) according to the Fischer's Test. 

 
 

Mortalities during the production period were not linked to Br and liveability ranged from 85.6% to 
95.6% (Table 10). 
 
 

Table 10 Mortalities and liveabilities 
 

Treatments Total mortalities Mortalities (%) Liveability (%) 
    

Control 7 7.8 92.2 

T1 13 14.4 85.6 

T2 9 10.0 90.0 

T3 9 10.0 90.0 

T4 4 4.4 95.6 

T5 10 11.1 88.9 
    

 
 
Discussion 

The concentration of a WQC in water is a fair indication of the potential exposure to or ingestion of 
the WQC. A WQC becomes a cause for concern when it exceeds the guideline levels. However, as noted, the 
question remains as to whether the guidelines may be too stringent or too lax. In addition, elements that 
occur abundantly in natural groundwater may not appear in the guidelines that may be dated but are still in 
circulation, for example Ayers & Westcot (1985, reprinted 1994); Casey & Meyer (1996a; b). Verification of 
the validity of the guidelines in use is required in order to accurately estimate the fitness for use of a water 
source for livestock production (Meyer et al., 1997). 
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When water with a potentially toxic constituent such as Br is encountered, ingestion rates need to be 
calculated. This is important as it is the actual amount of the toxic constituent consumed that is relevant, and 
not its concentration in the water alone. 

The results of the trial conducted on broilers with the Br and I treatments in the drinking water 
indicated that significantly lower water and feed intakes were induced by the Br treatment groups 
administered as 1 or 3 mg Br/L in the drinking water or inclusion levels of 4.44 mg Br/L and 1.59 mg Br/L 
per bird per day. The observation that an alleviator treatment of 0.7 mg I/ L in the drinking water or the 
intake of 1.1 mg I/L per bird per day, may be used without adverse effects, at least over a 6-week period, 
may assist in attempting to decrease the risk to communities or production systems that may be exposed to a 
high Br water source. 

Mamabolo et al. (2009) also reported decreased water and feed intakes by broilers when their drinking 
water was treated with 1 mg Br/L, 0.1 mg As/L and 0.1 mg Pb/L. A decrease in water intake has a very 
unconstructive influence on broiler production systems as a short term reduction in water intake leads to the 
reduction in feed intake and a reduction in ADG (Leeson & Summers, 2005); these adverse effects should be 
prominent in a longer exposure period or with mature birds. 

Loeber et al. (1983) recorded a suppression of growth hormone release in male rats receiving sodium 
bromide (NaBr) enriched diets. On the other hand, Bosshardt et al. (1956) and Huff et al. (1956) 
demonstrated a nutritional requirement of Br (8 to 15 mg Br/kg administered through the diet for 12 to 31 
days) in rats and chicks when an 8 to 10% growth response was evident. Unfortunately these results were 
obtained where Br was administered through the diet and not through the drinking water. Jolles (1966) and 
Loeber et al. (1983) recorded a suppression of growth hormone release in male rats receiving sodium 
bromide (NaBr) enriched diets. On the other hand, retardation in growth of mice and chickens was related to 
Br deficient diets (Jolles, 1966). The Mamabolo et al. (2009) trial indicated a slight though non-significant 
improvement in growth with the Br treated group, whereas in this trial neither depression nor induction of 
growth was observed, thus increasing the necessity for a longer exposure period to Br and its effect on 
livestock. 

Efficiency of feed utilisation was not affected. A longer production period, higher stocking density or 
rural systems may provide different FCR results. However these results may indicate that the exposure 
period for this trial was too short, especially in the context of rural communal chicken farming, where 
chickens are raised under stressful conditions and are provided with poor quality drinking water, feed and 
environment. 

Mortalities were the highest for T1 and lowest for T2 (Table 10), indicating no direct relationship 
between mortalities and Br administration. It was not unexpected for this trial as 3 mg Br/L was not expected 
to cause mortality in such a short exposure period, but rather adversely affects production parameters. 
 
Conclusions 

The results obtained in this study indicate that the current guidelines (0.01 mg/L) on the Br content of 
drinking water for broilers were not necessarily too restrictive. This trial confirmed that concentrations of 
PHCC (Br in this trial) observed in the drinking water of the poultry production unit can adversely influence 
production parameters regardless of a short exposure period. Significantly lower water and feed intakes were 
induced by 3 mg Br/ L in the drinking water or inclusion levels of 4.44 mg Br/L per bird per day. The 
observation that an alleviator treatment of 0.7 mg I/ L in the drinking water or the intake of 1.1 mg I/L per 
bird per day, may be used without adverse effects, at least over a 6-week period, may assist in attempting to 
decrease the risk to communities that may be exposed to a high Br water source. Production parameters of 
broilers that were not significantly influenced by Br over this relatively short term exposure period and low 
stocking density were, average daily gain or growth, FCR and mortalities. The long term effects of these 
parameters and exposure of mature animals are yet to be quantified. 
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