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Abstract 
In order to solve the problem of incompatibility between some fungicides and 
microspheres on site, improve the adaptability of fungicides in produced water 
containing hydrogen sulfide, and screen green, environmentally friendly, high-quality 
and efficient fungicides. By analyzing the problems existing in the field, the bactericidal 
effect of each type of fungicide main agent is evaluated, and compounding is carried out 
according to the test situation. The targeted screening has good compatibility with 
microspheres and is suitable for produced water containing hydrogen sulfide The 
bactericidal effect of the bactericide with strong performance was compared with the 
formula of the 1# and 2# bactericides on site, and the concentration gradient and 
simulated on-site dosing tests were carried out to screen out an efficient and 
environmentally friendly anti-hydrogen sulfide bactericide. 
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1. Introduction 

With the continuous water injection and development of oilfields, the quality of produced water is 
increasingly complex, and the bacterial content is increasing. At present, the main bacteria that plague 
my country's oilfields are SRB, TGB and FB [1]. The most commonly used fungicides are quaternary 
ammonium salts and organic aldehyde fungicides. However, from the perspective of related research 
and on-site reactions, quaternary ammonium salt fungicides have poor compatibility with 
microspheres, and due to long-term use of bacteria, they will develop certain drug resistance to them, 
which will increase the dosage of drugs and increase investment costs[2]. The field adaptability of 
aldehyde fungicides needs to be improved. With the increasing development of oilfield development 
in my country, the demand for oilfield fungicides is increasing, and the original types of fungicides 
can no longer fully meet the needs of on-site dosing. Therefore, the development of new green and 
efficient fungicides that can be used alternately to inhibit the generation of drug resistance, increase 
the adaptability of drugs, save water treatment costs, and reduce pollution to the environment and 
water bodies is an urgent problem to be solved in oil fields. Development and processing have very 
important practical significance. 

Some produced water treatment sites in Changqing Oilfield need to add microspheres and other 
profile control agents at the front end of the reinjection pump while adding fungicides, and the content 
of hydrogen sulfide in the produced water of some sites is also increasing[3]. Some components of 
the added bactericide are incompatible with the microspheres, and some components need to be 
improved in the sterilization effect of the produced water containing hydrogen sulfide. Therefore, in 
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order to solve the problem of on-site dosing adaptability and better promote the good operation of the 
operation and maintenance package, this thesis plans to start with the research on the basic 
sterilization mechanism of fungicides, and screen the fungicides compatible with the microspheres 
used on site; analyze the effect of hydrogen sulfide on the effect of the fungicide is affected, and the 
anti-sulfur and high-efficiency fungicide is developed for the produced water containing hydrogen 
sulfide; by screening more high-quality and efficient fungicides while focusing on green 
environmental protection, it can better serve the oil production site, and carry out concentration 
gradient experiments to determine the best dosage. In order to achieve the goal of reducing costs and 
increasing efficiency, and to promote the smooth operation of the chemical group's operation and 
maintenance general contracting project for procurement and transportation aids. Through the 
investigation of the oil production site in Changqing Oilfield, it is found that the fungicides in use 
basically meet the needs of the site, but there are still some problems. Firstly, the bactericidal effect 
and adaptability of the currently used quaternary ammonium salts and organic aldehyde fungicides 
need to be improved. Secondly, some sites will add microspheres at the same time as fungicides are 
added, and some fungicides are not compatible with microspheres. Therefore, in this paper, through 
the representative common main types of fungicides in the market, such as quaternary ammonium 
salts, organic aldehydes, quaternary phosphonium salts, heterocycles, organic guanidines, and 
cyanide-containing compounds. Firstly, the compatibility with the microspheres was analyzed, and 
the reasons for the incompatibility between the existing fungicides and the microspheres were found 
out. Screening of fungicides with better compatibility with microspheres, green environmental 
protection and strong adaptability.  

2. Materials and Methods 

2.1 Materials 

Fungicide main reagent (quaternary ammonium salt YEEQ, organic aldehyde WEQ, heterocyclic YS, 
quaternary phosphonium salt PS, organic guanidine GD, cyanide-containing compound ELQJJW), 
on-site 1#, 2# fungicide, Bacteria test bottle (SRB/TGB/FB). 

2.2 Experimental Method for Determination of Bactericidal Rate 

The evaluation method of fungicides is mainly based on the People's Republic of China Petroleum 
and Natural Gas Industry Standard SY/T5890-93 "Fungicide Performance Evaluation Method"[4]. 
The performance evaluation of fungicides is mainly considered from two aspects, one is the change 
of bacterial content in the produced water without adding the fungicide, and the other is the change 
of the bacterial content in the produced water with the fungicide added[5]. 

The formula for calculating the sterilization rate: 
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Where Y (%) is the sterilization rate of the fungicide, B1 (pcs/mL) is the bacterial content in the water 
sample before adding the fungicide, B2 (pcs/mL) is the bacterial content in the water sample after 
adding the bactericide. 

2.3 Qualitative Analysis of the Compatibility of Fungicides and Microspheres 

The biocide was formulated as a 1% aqueous solution, and then a certain volume was transferred to 
a 100mL volumetric flask, and the volume was adjusted with distilled water or on-site water as 
needed[6]. Then, it was shaken and poured into a 100mL beaker with 0.1g of microspheres accurately 
weighed, and it was stirred for 30min and then left to stand for 3h. The solution turbidity and particle 
size after stirring for 30min and standing for 3h were measured by digital turbidimeter (WPS-1000) 
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and laser particle size distribution analyzer (size 2000), respectively. Through turbidity change and 
particle size comparison, the compatibility of fungicides and microspheres was analyzed[7]. 

3. Results and Discussion 

3.1 Analysis of the Causes of Problems on Site 

Firstly, the mechanism of incompatibility with microspheres was analyzed. Mixed the current 
fungicide main agent and microspheres with a certain concentration of aqueous solution, measured 
the turbidity and particle size of the solution after stirring evenly and after standing, and analyzed the 
reasons for incompatibility with the microspheres through the turbidity change and particle size 
comparison. 

 

Table 1. Measurement results of particle size of microspheres and quaternary ammonium salts and 
organic aldehyde turbidity agents 

No. Sample name 

Turbidity 
(NTU) 

Particle size (nm) 

Experimental phenomenon record 
Stir for 
30min 

Stand 
for 3h 

Stir for 30min Stand for 3h 

1 WQ50N 187 170 3044 3550 3743 2531 3192 3129 
Homogeneous turbid liquid, with a 

very small amount of floating matter 
on the surface after standing 

2 
WQ50N+YEEQ 

(Quaternary ammonium 
salt) 

99 38 579 568 541 1417 1509 1392 
A large amount of flocs are 

produced during the stirring process, 
and the solution becomes clear 

3 
WQ50N+WEQ 

(Organic aldehydes) 
171 160 2725 2942 3200 2367 2590 2956 

Homogeneous turbid liquid, very 
little floc-free, no precipitation 

4 WQ100 200 200 2904 3634 4059 2731 3575 3774 
Homogeneous turbid liquid, with a 

very small amount of floating matter 
on the surface after standing 

5 
WQ100+YEEQ 

(Quaternary ammonium 
salt) 

119 36 2052 1487 1435 829 513 493 
During the stirring process, a large 
number of flocs are produced, and 

the solution becomes clear. 

6 
WQ100N+WEQ 

(Organic aldehydes) 
197 190 2854 2988 3797 2872 2350 3385 

Homogeneous turbid liquid, very 
little floc-free, no precipitation 

 

The measurement results are shown in Fig.1, and as can be seen from Fig.1 (a), it is the quaternary 
ammonium salt YEEQ that is obviously incompatible with the microspheres in the fungicide main 
agent. As can be seen from Fig.1(b), the organic aldehydes WEQ has good compatibility with the 
microspheres and basically has no effect on the microspheres[8]. 

According to the mechanism analysis, the microspheres are anionic polymers, and the quaternary 
ammonium salt fungicides are cationic surfactants. The two are incompatible due to different ion 
types, and they appear to produce a large number of white flocs after meeting.  
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Fig.1 Compatibility of microspheres with YEEQ (a) and WEQ (b) 

 

Then, the failure causes of sterilization in produced water containing hydrogen sulfide was analyzed. 
By sorting out the existing problems at the site, it was found that the sites where the on-site 
sterilization effect was obviously ineffective had higher hydrogen sulfide content. In order to 
determine whether hydrogen sulfide caused the failure of the fungicide, the following qualitative 
experiment was specially formulated: add 300mL of produced water containing a large amount of 
hydrogen sulfide to the conical flask, seal it with plastic wrap, and quickly add 3mL of the organic 
aldehyde-based WEQ fungicide stock solution with a syringe, shake well and let stand for 3min. 
Using lead acetate test paper and pH test paper to measure hydrogen sulfide and pH respectively, and 
simultaneously measure hydrogen sulfide and pH of raw water samples for comparison. 

The experimental results show that: compared with the original water sample, after adding the 
quaternary ammonium salt YEEQ, the hydrogen sulfide content and pH have no significant change. 
After adding glutaraldehyde, the hydrogen sulfide content and pH in the water samples were 
significantly reduced. The reaction mechanism is shown in Fig.2, glutaraldehyde reacts with 
hydrogen sulfide, and is reduced and hydrogenated to form pentanediol, which causes the sterilization 
effect of the aldehyde group to fail. 

 

H H
HO OH

O O
+ 2H2S 2S+

(Oxidizer) (Reducing agent)  
Fig. 2 Reaction formula of glutaraldehyde and hydrogen sulfide 

 

Through two experiments, it was found that among the currently used fungicides, quaternary 
ammonium salt fungicides have poor compatibility with microspheres, which may easily lead to the 
failure of microspheres and block the reinjection pipeline and equipment. Aldehyde fungicides will 
react with hydrogen sulfide in produced water containing hydrogen sulfide, resulting in poor 
bactericidal effect. Therefore, it is necessary to screen the bactericides with better bactericidal effect 
on the produced water containing hydrogen sulfide and relatively better compatibility with 
microspheres. 

3.2 Screening of Fungicides 

Since the sterilization effect of different water quality will be different[9], thus, in order to judge the 
adaptability of the fungicide, three different types of on-site water samples were used to 
comprehensively evaluate the sterilization effect, and the results are shown in Table 2. 

 

 

(a) (b
) 
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Table 2. Basic water quality of three different types of water samples 

No. 
water sample 

source 
Exterior 

H2S 

mg/L 
Oil contentmg/L Miscellaneousmg/L pH 

SRB   
pcs/mL 

TGB   
pcs /mL 

FB    
pcs /mL 

1# 
Ling er 

Zhuang san 
xiang 

Clear water, light green 300  10 10 7-8 107 102 10 

2# 
Xue si zhuan 

san xiang 
Water black, with a lot of 

black impurities 
80  200 100 6-7 105 104 103 

3# 
Liang er 

Zhuang san 
xiang 

The water is slightly turbid, 
with a small amount of 

impurities 
0  60 50 6-7 105 104 105 

 

Then, the bactericidal effect of the main agent of the fungicide was evaluated. The experimental 
results of the bactericidal effect evaluation of the main bactericide agent are shown in Table 3. It can 
be seen that the bactericidal effects of different fungicides on the three bacteria in the same water 
sample are different, and the bactericidal effect on different water samples will also change. Among 
them, quaternary ammonium salts YEEQ and heterocyclic YS have better bactericidal effects on TGB 
and FB, organic aldehydes WEQ have better effect on SRB in water samples without hydrogen sulfide, 
and organic guanidine GD fungicides have better bactericidal effects on hydrogen sulfide-containing 
water samples. The sterilization effect of the produced water is more prominent. 

 

Table 3. Measurement results of the average bactericidal effect of the main agent of a typical water 
sample bactericide 

No. 
sample 
name 

Fungicide 
concentration 

Test bottle type 
1#water sample 

sterilization rate/% 
2# water sample 

sterilization rate/% 
3# water sample 

sterilization rate/% 

1 YEEQ 50mg/L 

SRB 99.90 99.00 44.44 

TGB 99.00 99.90 100.00 

FB 100.00 99.90 99.90 

2 WEQ 50mg/L 

SRB 90.00 90.00 99.99 

TGB 0.00 99.00 99.90 

FB 0.00 90.00 99.90 

3 YS 50mg/L 

SRB 90.00 99.00 44.44 

TGB 99.90 99.90 99.90 

FB 99.90 99.90 99.90 

4 PS 50mg/L 

SRB 99.00 90.00 90.00 

TGB 99.00 99.00 99.00 

FB 99.90 99.00 99.00 

5 GD 50mg/L 

SRB 99.99 99.90 90.00 

TGB 100.00 99.90 90.00 

FB 100.00 100.00 99.00 

 

And in order to screen the three kinds of bacteria SRB/TGB/FB with good bactericidal effect, the 
collected main agents of different types of fungicides were selectively compounded according to the 
bactericidal effect, and the stability of the compounded fungicides was determined. After compound 
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experiment, a total of 7 compound fungicides with good stability were screened out. The result is 
shown in Fig.3 (No. 1-7 from left to right). 

 

 
Fig.3 Formula photos of fungicides with better compound stability 

 

The statistical results of the fungicides with good stability after compounding are shown in Table 4. 
It can be seen that non-ionic fungicides such as organic aldehydes WEQ and heterocyclic YS have 
good compatibility with other fungicides, followed by organic fungicides[10]. Guanidine GD. Among 
the other fungicides, especially the three main agents, the compound stability is poor, which is 
manifested as floc formation, unstable stratification, and heat release after mixing. 

 

Table 4. Fungicides with better stability after compounding 

No. Sample name Shake character Static character Stability 

1 
1#compound 

sample  
Light yellow transparent 

homogeneous liquid 
Yellow transparent homogeneous 

liquid 
Good 

compatibility 

2 
2#compound 

sample  
Yellow transparent liquid Yellow-brown transparent liquid Good stability 

3 
3#compound 

sample 
Light yellow transparent 

homogeneous liquid 
Yellow-brown transparent 

homogeneous liquid 
Good stability 

4 
4#compound 

sample  
Colorless transparent liquid Colorless transparent liquid 

Good 
compatibility 

5 
5#compound 

sample 
Pale yellow slightly turbid liquid Pale yellow slightly turbid liquid 

Good 
compatibility 

6 
6#compound 

sample  
Colorless transparent liquid Light blue transparent liquid Good stability 

7 
7#compound 

sample 
Light green homogeneous turbid 

liquid 
Light green transparent liquid Good stability 

 

In the meanwhile, their compatibility was investigated by measuring the turbidity and particle size 
after compatibility with the microspheres. The measurement results are shown in Table 5. It can be 
seen from Table 5 that organic aldehydes WEQ and heterocyclic YS are the best compatible with 
microspheres, followed by organic guanidines GD and quaternary phosphonium salts PS. Among the 
compound samples, the 3#, 5# and 7# compound samples have good compatibility with the 
microspheres. 
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Table 5. Measurement results of turbidity and particle size 

No. Sample name 

Turbidity 
(NTU) 

Particle size (nm) 

Experimental phenomenon 
record Stir for 

30min 
Stand 
for 3h 

Stir for 30min Stand for 3h 

1 WQ50N 187 170 3044 3550 3743 2531 3192 3129 

Homogeneous turbid liquid, with 
a very small amount of floating 

matter on the surface after 
standing 

2 
WQ50N+YEEQ 

(Quaternary 
ammonium salt) 

99 38 579 568 541 1417 1509 1392 

A large amount of flocs are 
produced during the stirring 

process, and the solution 
becomes clear 

3 
WQ51N+WEQ 

(Organic aldehydes) 
171 160 2725 2942 3200 2367 2590 2956 

Homogeneous turbid liquid, very 
little floc-free, no precipitation 

4 WQ100 200 200 3258 4193 4233 4255 4964 5269 
Homogeneous turbid liquid, no 

flocs, no precipitation 

5 
WQ50N+YEEQ 

(Quaternary 
ammonium salt) 

182 199 2380 3240 3002 1485 1915 2501 
Homogeneous turbid liquid, a 

small amount of flocs, no 
precipitation 

6 
WQ50N+WEQ 

(Organic aldehydes) 
200 149 3683 4782 5560 3811 3754 3079 

There are small flocs in the 
solution, no precipitation 

7 
WQ50N+3# 

compound sample 
192 130 993 1047 1106 2256 2012 2145 

Homogeneous turbid liquid, very 
few flocs, no precipitation 

8 
WQ50N+5# 

compound sample 
187 169 3197 3236 3183 1628 2072 2350 

Homogeneous turbid liquid, a 
small amount of flocs, no 

precipitation 

9 
WQ50N+7# 

compound sample 160 132 2944 2797 2868 3053 3147 3373 

Homogeneous turbid liquid 
without flocs, the solution has a 
small amount of tiny particles 

 

Then, the bactericidal effect was evaluated on the 3#, 5#, 7# fungicides that were stable after 
compounding and had good compatibility with microspheres, and were tested with the same effective 
concentration of 1# and 2# fungicides on site. Compared with the sterilization effect, the results are 
shown in Table 6. 
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Table 6. Evaluation results of sterilization effect of compound samples 

No. Sample 
Fungicide 

concentration 
Test 

bottle 
1#Water sample 

sterilization rate/% 
2# Water sample 

sterilization rate/% 
3# Water sample 

sterilization rate/% 

1 on site1# 50mg/L 

SRB 99.90  99.00  99.90  

TGB 90.00  99.00  99.90  

FB 99.90  99.00  99.00  

2 on site2# 50mg/L 

SRB 99.00  90.00  99.00  

TGB 90.00 99.00  90.00  

FB 90.00  90.00  90.00  

3 
3# compound 

sample 
50mg/L 

SRB 90.00  99.90  99.00  

TGB 90.00  90.00  99.00  

FB 99.00 99.00  99.00  

4 
5# compound 

sample 
50mg/L 

SRB 90.00  90.00  90.00  

TGB 90.00  90.00  90.00  

FB 99.90 90.00  90.00  

5 
7# compound 

sample 
50mg/L 

SRB 99.99  99.90  99.99  

TGB 99.99 99.90  100.0  

FB 99.90 99.90 99.90  

The experimental data show that: under the same effective concentration as the field 1# and 2# 
fungicides, the best comprehensive sterilization effect is the 7# compound sample, and the 
sterilization effect on the three field water samples can reach the 50mg/L concentration. Technical 
index requirements. 

3.3 Simulate Field Experiments 

Firstly, the compatibility with microspheres under field process was simulated. According to the on-
site dosing process, the microspheres were added 2-4 hours after the fungicide was added to the on-
site water samples to simulate the sterilization effect and compatibility with the microspheres under 
the situation of on-site dosing. The results are shown in Fig.4. It can be seen that the 7# compound 
sample has good compatibility with the microspheres under the three field water samples. 

 

 
Fig.4 Compatibility of 7# fungicide compound sample with microspheres in three field water 

samples 
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Then, the sterilization effect under the on-site process was simulated. The results of the sterilization 
effect under the simulated on-site process are shown in Table 2. The results show that compared with 
no addition of microspheres, the effect of the added microspheres on the sterilization effect becomes 
smaller and smaller as the sterilization time prolongs. After 2-4h, the microspheres basically had no 
effect on the bactericidal effect. Under the same effective concentration, the comprehensive 
bactericidal effect of the 7# compound sample is better than that of the field 1# and 2# fungicides, 
and the effect is more obvious in the produced water samples containing hydrogen sulfide. At the 
concentration of 30mg/L, the bactericidal effect of 50mg/L on-site 1# and 2# fungicides are 
equivalent. Therefore, the 7# compound sample can meet the requirements of compatibility with 
microspheres and good bactericidal effect in the produced water samples containing hydrogen sulfide, 
and meets the requirements of "Q/SY 17049--2020: Technical requirements for bactericides for 
oilfield water treatment". 

 

Table 7. Simulate the sterilization effect of on-site dosing 

No. Sample 
Fungicide 

concentration 
Microsphere 
concentration 

Test 
bottle 

1#Water sample 
sterilization 

rate/% 

2# Water sample 
sterilization 

rate/% 

3# Water sample 
sterilization 

rate/% 

1 1# 50mg/L 

 SRB 99.00  99.00  99.90  

100mg/L TGB 90.00  99.00  99.00  

 FB 99.00  99.00  90.00  

2 2# 50mg/L 100mg/L 

SRB 90.00  90.00  90.00  

TGB 90.00  99.00  90.00  

FB 90.00  90.00  90.00  

3 

7#  

50mg/L 

 SRB 99.99  99.90  99.90  

100mg/L TGB 99.90  99.90  100.0  

 FB 99.99 99.99  99.90  

4 50mg/L 

 SRB 99.99  99.90  99.90  

100mg/L TGB 99.90  99.90  99.90  

 FB 99.90 99.90  99.90  

5 50mg/L 

 SRB 99.90  99.90  99.00  

100mg/L TGB 99.90  99.90  99.90  

 FB 99.90  99.90  99.00  

4. Conclusion 

Through the analysis of the existing problems on the site, it was found that: first, the quaternary 
ammonium salt YEEQ main agent in the fungicides formula used on site was not compatible with the 
microspheres; The sterilization effect of the agent in the produced water containing hydrogen sulfide 
is significantly reduced, and it has been verified that the reaction of aldehydes and hydrogen sulfide 
leads to the failure of the sterilization effect. Through the evaluation of the bactericidal effect of 
different types of bactericide main agents, it is found that a single main agent can hardly satisfy the 
three kinds of bacteria in different water samples with good bactericidal effect at the same time. 
Through the compound experiment of the main agent of the fungicide, it was found that the organic 
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aldehyde YEEQ, heterocyclic YS and other non-ionic fungicides have good compatibility with other 
fungicides, followed by organic guanidine GD. Through the sterilization effect evaluation experiment, 
it was found that the 7# compound sample had the best comprehensive sterilization effect, and at the 
concentration of 50mg/L, the three field water samples could meet the technical index requirements. 
Through the simulated field dosing experiment, it was found that with the extension of the 
sterilization time, the effect of the added microspheres on the sterilization effect became smaller and 
smaller, and the microspheres had basically no effect on the sterilization effect after sterilization for 
2-4h. The selected 7# compound sample can meet the requirements of relatively good compatibility 
with microspheres and better bactericidal effect in the produced water samples containing hydrogen 
sulfide for the experimental water samples. And because of its safety and low toxicity as the main 
agent, it is not easy to produce bacterial resistance, does not contain heavy metal phenolic substances, 
has no corrosion to various treated surfaces, and is environmentally friendly, so this formula fungicide 
is an efficient and environmentally friendly antibacterial agent. Hydrogen sulfide bactericide is the 
target bactericide formulation. 
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